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Because  of  its  relatively  narrow  scope,  the  author  has  treated  organic  spot 
test  analysis  in  previous  editions  of  this  text  merely  as  a  supplement  to  in¬ 
organic  spot  test  analysis,  even  though  these  two  provinces  were  of  interest 
to  different  circles  of  chemists.  Despite  this  handicap,  many  organic  spot 
tests  have  been  welcomed  into  qualitative  semimicro-  and  microanalysis, 
and  in  fact  some  of  them  have  become  the  basis  of  quantitative  methods  of 
determination.  However,  organic  spot  test  analysis  has  by  no  means  en¬ 
joyed  the  popularity  accorded  its  inorganic  counterpart.  Consequently,  some 
fellow  chemists  and  reviewers  of  previous  editions  have  repeatedly  expressed 
the  wish  that  the  two  divisions  of  spot  test  analysis  might  receive  separate 
presentations.  This  commendable  desire  has  led  the  author,  since  1949,  to 
institute  studies  of  known  tests  and  also  to  seek  new  tests,  which  are  appli¬ 
cable  to  organic  spot  test  analysis.  These  efforts  yielded  so  many  useful 
results  that  the  mass  of  factual  material  has  now  become  adequate  to  justify 
the  publication  of  a  monograph  dealing  with  the  employment  of  spot  re¬ 
actions  in  qualitative  organic  analysis. 

1  he  author  has  had  a  double  objective  in  composing  this  book  as  Volume 
II  of  his  text  on  spot  test  analysis.  Firstly,  the  effort  has  been  made  to  give 
a  complete  description  of  tests  that  are  applicable  as  spot  reactions  in 
qualitative  organic  semimicro-  and  microanalysis.  This  facilitates  compari¬ 
sons  with  other  familiar  tests  and  procedures,  especially  with  those  that  are 
important  for  technical  purposes  (testing  of  materials)  and  for  analytical 
problems  in  the  biological  sciences  (clinical  studies,  testing  of  medicinals, 
foods,  etc.).  Inorganic  spot  test  analysis  owes  its  popularity  primarily  to  its 
suitability  to  the  solution  of  such  problems  (particularly  the  first  named)  and 
to  the  publication  of  the  favorable  experiences  gained  with  these  methods. 
Accordingly,  there  is  every  reason  to  anticipate  that  organic  spot  test 
analysis  will  likewise  find  a  wider  circle  of  use  as  soon  as  its  methods  have 
xen  ne  out  in  as  many  quarters  as  possible,  and  perhaps  improved,  and 
tested  with  regard  to  their  usability  in  various  spheres  of  application  of 
qua  1  a  ive  organic  analysis.  Preparative  organic  chemistry  will  be  included 
ere  and  also  the  study  of  natural  substances,  where  it  is  frequently  desirable 
to  find  out  with  the  smallest  possible  amount  of  test  material  whether  certain 
syntheses  and  degradation  reactions  with  organic  products  have  occ“ 

The  second  objective  of  this  book  is  to  stimulate  studies  that  will  lead  to 
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a  wider  development  of  organic  spot  test  analysis,  especially  with  regard  to 
new,  unambiguous  and  sensitive  tests.  Even  now  it  may  be  stated  that  it 
will  be  possible  to  incorporate  into  the  technique  of  spot  analysis  many  re¬ 
actions  for  organic  compounds,  tests  which  are  scattered  through  the  litera¬ 
ture  and  which  in  part  have  received  no  attention.  It  is  also  expected  that 
useful  stimuli  for  the  improvement  and  the  working  out  of  new  tests  will 
result  when  due  attention  is  given  to  the  vast  material  critically  assembled 
in  the  chemistry  of  specific,  selective  and  sensitive  reactions.  In  particular, 
researches  on  the  use  of  organic  reagents  in  inorganic  analysis  will  point  the 
way  to  new  or  hitherto  neglected  paths  in  qualitative  organic  analysis. 
General  comments  along  these  lines  are  given  in  the  introductory  chapter 
and  practical  applications  will  be  found  in  chapters  III-VII.  The  new  tests 
of  this  kind  worked  out  by  the  author  and  his  collaborators  have  mostly  not 
been  published  as  yet  and  are  described  for  the  first  time  in  this  book.  The 
search  for  new  tests  is  a  field  of  endeavor  which  deserves  more  interest  on 
the  part  of  investigators,  especially  organic  chemists,  who  are  particularly 
fitted  to  bring  valuable  contributions  because  of  their  experiences,  and 
through  the  planned  observation  of  analytically  applicable  effects  in  the  re¬ 
actions  of  organic  compounds.  The  appeal  for  the  extension  of  organic  spot 
test  analysis  should  strike  an  all  the  more  responsive  chord  today,  since  it 
has  been  found  that  sensitive  spot  tests,  particularly  those  based  on  color 
reactions,  play  an  important,  sometimes  decisive  role  in  chromatographic 
analysis.  It  is  certain  that  paper  chromatography  will  come  to  be  one  of  the 
most  important  and  rewarding  fields  of  application  of  spot  reactions. 

The  use  of  spot  reactions  in  qualitative  organic  analysis  and  their  respec¬ 
tive  procedural  details  are  given  in  chapters  I II— VI.  The  divisions  employed 
are  those  used  in  the  previous  editions.  They  are :  preliminary  tests ;  detection 
of  functional  groups;  detection  of  individual  compounds;  applications  for 
technical  and  scientific  purposes. 

The  chapter  on  preliminary  tests  has  been  entirely  rewritten,  since  in  the 
previous  edition  only  about  nine  pages  were  devoted  to  the  discussion  of  the 
detection  of  metallic  and  nonmetallic  elements  in  organic  materials,  a 
coverage  obviously  insufficient  for  so  important  a  topic.  Since  rapid  pre¬ 
liminary  tests  often  provide  valuable  diagnoses,  their  diverse  application 
has  now  been  discussed  in  such  breadth  that  the  sixteen  sections  cover  not 
less  than  69  pages.  The  inclusion  of  many  new  tests  for  functional  groups 
and  individual  compounds  has  expanded  the  respective  chapters  from  73  and 
31  pages  to  114  and  96  pages.  The  number  of  examples  of  the  application  of 
spot  tests  to  technical  and  scientific  purposes  has  been  raised  from  16  to  36 
and  the  accompanying  increase  in  pages  is  from  8  to  43.  In  toto,  the  book 
contains  the  complete  or  orienting  description  of  over  200  tests.  \\  hen 
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possible,  stress  was  laid  on  stating  exactly  the  underlying  chemical  reactions. 
The  pertinent  data  regarding  sensitivity  and  reliability  are  included  for  t  le 
great  majority  of  the  tests;  references  to  the  pertinent  literature  will  likewise 
be  found  a  useful  feature.  Consequently,  the  readers  and  users  of  the  book  are 
provided  with  not  only  the  fundamentals  for  the  direct  applications  of  spot 
reactions  in  qualitative  organic  analysis,  but  also  they  will  find  here  useful 
hints  for  selecting  spot  reactions  for  problems  posed  by  chromatography, 
testing  of  materials,  examination  of  medicinals,  etc. 

The  author  has  endeavored  to  describe  as  many  spot  reactions  as  possible 
in  such  detail  that  it  should  be  possible  to  translate  the  reactions  to  the 
macro  scale  and  also  to  institute  intelligent  refinements  in  order  to  enhance 
the  sensitivity  of  the  tests.  In  order  to  give  this  monograph  the  character  of 
an  independent  manual  of  organic  spot  test  analysis,  the  chapter  on  spot  test 
technique,  which  was  composed  by  Professor  Ph.  W.  West  (Louisiana  State 
University)  for  Volume  I  was  included  here  also.  Furthermore,  all  tests  for 
inorganic  materials  which  are  left  in  the  residues  after  organic  samples  are 
decomposed,  have  been  described  in  sufficient  detail,  that  reference  to  Vo¬ 
lume  I  in  such  cases  will  not  be  necessary,  except  for  amplification  of  back¬ 
ground  information. 

The  author  wishes  also  to  emphasize  that  his  monograph  is  not  intended 
to  replace  the  well  tested  and  valued  texts  dealing  with  qualitative  organic 
analysis.  This  book  merely  supplements  such  works.  Organic  qualitative 
procedures  frequently  require  chemical  operations  which  cannot  be  carried 
into  spot  test  analysis,  or  physical  methods  are  necessary  that  lie  beyond  the 
scope  of  this  text.  Organic  spot  testing  is  still  limited  to  a  relatively  small 
field  of  operation,  when  we  consider  the  great  number  and  variety  of  organic 
compounds  which  may  be  object  of  qualitative  analysis.  Nonetheless,  it  may 
be  expected  that  organic  spot  test  analysis  will  play  eventually  the  same 
kind  of  role  in  chemical  analysis  as  did  its  inorganic  counterpart ;  it  will 
become  an  integral  part  of  qualitative  organic  analysis  and  will  stimulate  the 

latter’s  further  development.  One  of  the  functions  of  thisbook  is  to  contribute 
to  this  end. 


Organic  spot  test  analysis  is  of  practical  importance  not  only  for  the 
professional  analyst,  but  also  for  the  organic  chemist,  the  biologist  and  the 
pharmaceutical  chemist,  who  often  are  faced  with  the  problem  of  quickly 
identifying  or  detecting  chemical  ingredients  in  small  amounts  of  organic 
materials.  Furthermore,  organic  spot  test  analysis  can  be  of  great  value  to 
c  emical  students  m  the  later  stages  of  their  training.  They  can  be  expected 

and  th™  T  amUl  n  e  manUa'  deXterity  for  working  with  small  amounts, 

basis  of  snotT1  t  o'  “  understandlnS  and  ™  Merest  in  the  chemical 
basis  of  spot  reactions.  Occupation  with  organic  spot  testing  confers  not  only 
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a  knowledge  of  analytical  problems  and  their  solution  on  the  semimicro- 
and  micro-scale,  but  at  the  same  time  it  points  up  the  great  diversity  in  the 
modes  of  reactions  of  many  organic  compounds.  This  fact  has  a  high  edu¬ 
cational  value,  which  should  be  put  to  use.  This  advantage  can  be  secured  if, 
in  the  course  of  his  work  in  preparative  organic  chemistry,  the  student  is 
shown  how  to  employ  spot  reactions  for  the  identification  of  starting  materi¬ 
als,  intermediates,  and  final  products,  a  problem  which  can  often  be  solved 
with  tiny  quantities  of  sample  and  in  a  very  short  time.  More  competent 
persons  will  have  to  decide  whether  spot  testing  is  a  feasable  addition  to  the 
laboratory  course  in  organic  chemistry.  However,  the  author  is  convinced 
that  this  would  be  a  correct  procedure,  because  it  follows  the  line  which  he 
himself  has  always  taken  in  research,  publication,  and  instruction  in  spot 
test  analysis,  namely,  chemical  analysis  should  not  be  regarded  as  routine 
work  or  drudgery,  but  rather  as  the  pursuit  of  experimental  chemistry  with 
analytical  goals. 

As  stated  in  the  beginning  of  this  Foreword,  the  author  has  now  spent  four 
years  on  studies  directed  toward  the  improvement  and  extension  of  organic 
spot  test  analysis.  This  was  made  possible  not  only  by  the  comprehensive 
and  helpful  attitude  of  Dr  Alvaro  Paiva  de  Abreu,  director  of  the  Laboratorio 
da  Prodif^ao  Mineral,  but  also  through  the  invaluable  assistance  of  the 
National  Research  Council,  who  provided  the  author  with  assistants  and 
fitted  up  his  laboratory.  Consequently,  he  deems  it  a  privilege  to  make  public 
acknowledgement  of  his  gratitude  to  this  body  and  its  president,  Admiral 
Alvaro  Alberto  da  Motta  e  Silva. 

The  author  also  wishes  to  express  his  heartfelt  thanks  to  Professor  Ralph 
E.  Oesper  (University  of  Cincinnati)  for  his  excellent  translation  of  the 
German  manuscript,  for  his  valued  advice  on  many  points,  and  for  his  kind 
patience  with  the  many  last  minute  changes,  which  are  an  inevitable  feature 
of  the  composition  of  a  text  dealing  with  a  field  which  is  so  alive  these  days. 


Rio  de  Janeiro,  October  1953 


Fritz  Feigl 
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Chapter  i 


Development ,  Present  State  and  Prospects  of  Organic 

Spot  Test  Analysis 


From  the  standpoint  of  a  formal  priority,  the  organic  province  of  spot 
test  analysis  is  older  than  its  inorganic  counterpart  because  the  earliest 
spot  tests  were  used  for  the  detection  of  an  organic  compound.  In  1859 
Hugo  Schiff  reported  that  uric  acid  can  be  detected  by  placing  a  drop  of 
a  water  solution  of  this  acid  on  filter  paper  which  had  been  impregnated 
with  silver  carbonate.  Free  silver  precipitates  and  the  finely  divided  metal 
produces  a  gray  to  black  fleck  which  stands  out  prominently  against  the 
white  paper.  This  test  demonstrated  the  fundamental  possibility  of  con¬ 
ducting  tests  in  the  form  of  spot  reactions  on  filter  paper  and  by  actual  trial 
Schiff  also  showed  that  this  method  of  procedure  permits  the  attainment  of 
a  considerable  degree  of  sensitivity.  At  the  then  state  of  chemical  analysis, 
this  was  truly  a  remarkable  finding.  It  coincided  with  the  beginnings  of  the 
classical  studies  by  Christian  Friedrich  Schonbein  and  Friedrich  Goppels- 
roeder,  who  in  their  “capillary  analysis”  demonstrated  the  great  analytical 
significance  of  the  spreading  of  liquids  and  solutions  of  organic  and  inorganic 
compounds  with  consequent  localized  fixation  in  filter  paper  of  small 
amounts  of  the  dissolved  materials.  The  publications  of  these  three  pioneers 
obviously  contain  descriptions  of  effects  which  have  since  been  used  to  the 
widest  extent  in  spot  test  analysis.  Accordingly,  it  is  logical  to  inquire  why 
rea  attention  was  not  given  to  spot  reactions  on  filter  paper  until  a  much 
later  date  (around  1920),  attention  which  might  have  led  to  the  founding 

to  thtrgr  and  thf  f  °f  °rganiC  sP°ttest  analysis.  The  correct  answer 
q  f  18  7  revealed  by  a  consideration  of  the  spot  test 

chemical1  reacti0^1110  mater!als‘  11  wiU  become  apparent  that  invariably 
chemical  reactions  were  employed  which  respond  not  only  to  slight  often 

“e  riS  a  P“r  materia1’ bUt  WhlCh  in  ma*y  “1S;  make 
P  bie  ts  detection  in  the  presence  of  other  substances  Such  reactions 

ganic ^analysis0  This aSt‘.°nS  as  inorSanic  «*g»ts  predominated  in  inor- 
analysis.  This  situation  was  not  changed  until  the  advent  of  organic 
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reagents,  especially  those  which  give  colored  reaction  products.  Only  then 
was  it  possible  to  work  out  numerous  sensitive  and  unequivocal  methods  of 
detection  and  determination.  The  nickel-dimethylglyoxime  reaction,  intro¬ 
duced  by  L.  Tschugaeff  (1905)  and  O.  Brunck  (1914),  has  become  the  classic 
example  of  this  type  of  progress.  Consequently,  the  earliest  efforts  of  the 
present  author  to  elaborate  spot  reactions  were  directed  particularly  toward 
combining  the  advantages  of  organic  reagents  with  those  of  the  Schonbein- 
Goppelsroeder  capillary  analysis.  It  was  found  that  when  drops  of  the  test- 
and  reagent  solution  are  brought  together  on  filter  paper,  colored  reaction 
products  are  fixed  on  the  surface  of  the  paper  and  produce  flecks  or  rings 
within  a  circle  wetted  by  the  water,  and  can  thus  be  distinctly  detected.  This 
type  of  spot  tests,  in  which  inorganic  and  organic  reagents  can  be  used,  is  of 
course  limited  to  reactions  which  require  neither  strong  heating  or  evapora¬ 
tion,  nor  a  highly  alkaline  or  acidic  reaction  theater.  Consequently,  the  proce¬ 
dural  aspect  of  spot  test  analysis  received  a  very  useful  extension  when  it  was 
found  feasible  to  unite  drops  of  the  test-  and  reagent  solutions  on  non-porous 
surfaces  (spot  plate,  watch  glass,  micro  test  tube,  etc.)  where  the  limitations 
no  longer  apply.  A  decisive  impulse  to  the  development  of  inorganic  spot 
test  analysis  came  however  from  the  logical  but,  at  the  time,  novel  idea  that 
the  restrictive  preference  for  certain  kinds  of  reactions  and  ways  of  carrying 
them  out  is  a  handicap.  In  every  case,  the  sole  objective  is  the  discovery 
and  employment  of  all  possibilities  through  which  the  highest  sensitivity 
and  certainty  can  be  attained  with  drop  reactions.  A  logical  result  of  this 
goal  was  the  inclusion  and  trying  out  of  kinds  of  reactions  which  had 
previously  received  no  or  only  inadequate  attention  in  chemical  analysis. 
Typical  examples  are:  the  widespread  use  of  organic  compounds  as  pre¬ 
cipitation-,  color-,  and  masking  agents;  the  utilization  of  catalysed  and 
induced  reactions;  solid  body  reactions  and  reactions  in  the  gas  phase; 
reactions  which  yield  fluorescent  products  or  those  which  quench  fluo¬ 
rescence;  interfacial  effects  (adsorption,  capillarity,  flotation).  Last,  but  not 
least,  was  a  proper  consideration  of  the  enormous  influence  of  the  reaction 
conditions  on  the  course  of  the  reactions  and  the  physical  nature  of  the 
reaction  products.  In  short,  and  using  a  terminology  which  has  now  been 
generally  accepted,  it  may  be  stated  that  inorganic  spot  test  analysis  is  the 
outstanding  field  of  application  of  specific,  selective  and  sensitive  reactions 
with  the  objective  of  solving  problems  in  qualitative  microanalysis. 

Spot  reactions  will  reveal  as  little  as  0.001-10  micrograms  (gamma)  of 
material  (solid  or  in  drops  of  a  solution).  Those  low  limits  of  detection  or 
identification”  correspond,  insofar  as  solutions  are  being  examin  ,  J  b 
dilutions  or  low  concentrations.  If  these  limits  of 
attained  with  spot  tests,  it  is  proper  to  speak  of  micro  tes  . 
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that  only  larger  amounts  of  material  will  respond  to  less  sensitive  spot 
reactions.  The  latter  are  evaluated  by  their  applicability  to  microanalytical 
problems.  The  experimentally  determined  identification  limit  and  limiting 
concentration  are  guides  in  this  appraisal. 

Spot  test  analysis  presents  a  very  important  problem,  namely,  what 
determines  the  specificity,  selectivity  and  sensitivity  of  chemical  tests,  in 
other  words,  what  factors  influence  these  characteristics  in  the  positive  and 
negative  direction  ?  The  scientific  treatment  of  this  problem  constitutes  the 
"chemistry  of  specific,  selective  and  sensitive  reactions.”  This  field  of 
experimental  chemistry  includes  the  consideration  of  the  numerous  relations 
of  analytical  chemistry  to  other  areas  of  chemistry,  and  studies  suggested  by 
spot  test  analysis  (especially  the  search  for  new  organic  reagents)  have 
brought  the  importance  of  this  field  to  the  attention  of  chemists.** 

Although  inorganic  spot  test  analysis  developed  relatively  fast,  its  de¬ 
velopment  was  nevertheless  gradual  and  some  time  elapsed  before  its  use¬ 
fulness  in  semimicro-  and  microanalysis  was  extensively  appreciated.  Con¬ 
sequently,  it  is  understandable  why  not  much  attention  was  given  to  the 
applicability  of  spot  reactions  to  the  detection  of  organic  compounds  until 
*  such  time  (since  about  1930)  as  the  important  foundations  of  inorganic  spot 
testing  had  already  been  laid  and  the  fundamental  conditions  of  its  further 
development  recognized.  By  now  the  number  of  spot  reactions,  which  can 
successfully  be  applied  in  qualitative  organic  analysis,  has  become  large 
enough  to  justify  the  use  of  the  term  "organic  spot  test  analysis”,  and  all  the 
more  so  because  every  indication  points  to  the  deepening  and  widening  of 
this  field. 


Organic  spot  testing  likewise  strives  to  attain  microanalytical  goals,  and 
therefore  all  possibilities  must  be  explored  in  order  that  the  specificity, 
selectivity  and  sensitivity  of  the  particular  test  may  be  brought  to  a  maxi¬ 
mum.  In  this  connection,  it  must  not  be  forgotten  that  when  dealing  with 
organic  compounds,  the  objective  of  the  analysis  and  the  analytical  utili- 
zation  of  Chemical  reactions  should  be  considered  from  standpoints  which 
differ  from  those  adopted  with  respect  to  inorganic  compounds.  In  qualita- 


**  See  F.  Feigl,  Chemistry  of  Specific 
F.  Feigl,  Research,  4  (1950)  550. 


and  Sensitive  Reactions.  New  York,  1949- 
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tive  inorganic  analysis  the  aim  is  to  detect  metallic  and  nonmetallic  elements 
and  it  is  practically  always  possible  to  do  this  by  chemical  means.  In  con¬ 
trast,  in  qualitative  organic  analysis  the  detection  of  elements  has  only  an 
orienting  value,  because  the  important  goal  is  the  detection  of  particular 
compounds  or  the  identification  of  characteristic  groups  in  organic  com¬ 
pounds,  whose  ultimate  constituents  are  usually  known.  Chemical  methods 
cannot  contribute  beyond  a  limited  extent  to  the  solution  of  these  two  pro¬ 
blems,  especially  the  former.  The  reason  resides  not  only  in  the  enormous 
number  of  organic  compounds  and  the  variety  in  their  architecture.  The 
decisive  factors  are  that  with  many  organic  compounds  chemical  changes 
occur  under  conditions  which  cannot  be  realized  in  analytical  work,  and 
furthermore  a  uniform  mode  of  reaction  is  encountered  incomparably  more 
often  than  with  inorganic  ions.  Consequently,  specificity  and  selectivity  are 
much  rarer  in  tests  for  organic  compounds  than  in  inorganic  identifications. 


and  separation  processes,  such  as  those  successfully  used  in  the  systematic 
qualitative  inorganic  scheme  in  the  form  of  group  precipitations,  do  not 
exist  in  qualitative  organic  analysis.  Most  tests  for  organic  materials  depend 
on  the  participation  of  certain  groups  in  chemical  reactions;  but  entirely 
apart  from  the  fact  that  many  important  groups  are  not  reactive,  it  must 
be  kept  in  mind  that  the  detection  of  groups  gives  information  only  about 
a  certain  region  of  the  molecule  of  an  organic  compound.  I  herefore,  reliable 
identifications  of  individual  compounds  by  purely  chemical  tests  arc  in¬ 
frequent.  As  a  rule,  appeal  must  be  made  also  to  physical  methods  based  on 
the  determination  of  physical  properties  related  to  the  structure  and  size  of 
the  organic  molecule.  Despite  these  limitations,  chemical  tests  have  a  con¬ 
siderable  practical  importance  in  organic  analysis.  Problems  whose  solution 
is  facilitated  by  analytical  procedures  seldom  involve  totally  unknown  mate¬ 
rials  or  artifical  mixtures.  The  available  information  regarding  origin 
method  of  preparation,  intended  use,  etc.,  as  well  as  the  color,  form  of 
aggregation,  and  so  on  of  the  sample  almost  invariably  give  clues  as  to  the 
direction  the  examination  should  take.  Frequently,  the  analyst  is  not  asked 
to  detect  a  particular  compound,  but  is  required  merely  to  find  out  whether 
members  of  a  particular  class  of  compounds  are  present.  For  this  latter 

purpose,  it  is  often  sufficient  to  prove  the  presence  of  a  given  group,  or  even  of 

given  elements.  Accordingly,  chemical  methods  can  contribute  a  great  deal 
to  the  solution  of  many  of  the  problems  encountered  in  the  study  of  organ, c 
materials.  Consequently,  efforts  must  be  made  to  discover  as  many  reactions 
of  organic  compounds  as  possible,  which  may  be  valuable  as  analytical  aid  . 

AsSoutlined  above,  the  objectives  and  problems  of  qualitative  inorganic 
analysis  are  quite  different  from  those  of  qualititivc  organic  analysis.  Fre¬ 
quently  there  is  also  a  difference  with  respect  to  the  reaction  milieu  a 
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the  mode  of  reaction.  The  analytical  employment  of  reactions  of  inorganic 
compounds  involves  ionic  reactions  in  aqueous  solutions  almost  exclusively, 
but  this  is  not  true  of  purely  organic  compounds.  Although  water-soluble 
organic  acids,  bases,  and  salts  and  their  corresponding  reactive  ions  are 
known,  the  majority  of  organic  compounds  are  non-ionogens  of  hydrophobic 
character,  and  the  aqueous  medium  does  not  play  the  dominant  role  in 
their  reactions  as  it  does  in  inorganic  analysis.  Many  organic  compounds 
react  only  when  dissolved  in  organic  liquids,  or  in  the  gas  phase,  in  melts, 
and  non-homogeneous  systems.  As  a  rule,  such  reactions  proceed  much  slower 
than  ionic  reactions  in  aqueous  solution,  they  are  incomplete,  and  frequently 
they  are  accompanied  by  side  reactions.  Despite  these  handicaps,  molecular 
reactions  of  organic  compounds  in  the  absence  of  water  deserve  every  atten¬ 
tion,  because  on  occasion  they  provide  an  entirely  satisfactory  substitute 
for  their  lack  of  reactivity  in  water  solutions. 

The  use  of  organic  reactions  in  analysis  is  still  inconsiderable  in  comparison 
with  their  widespread  employment  in  preparative  chemistry.  However,  pro¬ 
cedures  are  known  also  for  the  detection  of  many  organic  compounds  and 
consequently  for  the  groups  they  contain,  and  these  tests  can  be  applied, 
directly  or  with  proper  modifications  or  additions,  in  organic  spot  test 
analysis.  It  should  be  noted  that  the  importance  of  the  special  working 
techniques  generally  used  in  spot  testing  should  not  be  overrated.  The 
working  with  drops  of  a  solution  is  admittedly  a  very  essential  part  of  spot 
test  anal^  sis  and  superficially  it  appears  to  be  its  most  characteristic  feature. 
However,  spot  testing  owes  its  development  not  solely  to  its  peculiar  tech¬ 
nique,  but  primarily  to  the  efforts  to  find  suitable  subjects  for  this  technique. 
This  means  the  search  for  reactions  which  can  be  used  for  analytical  pur¬ 
poses  The  consideration  of  the  facts  and  findings  of  the  “chemistry  of 
specific,  selective  and  sensitive  reactions”  renders  excellent  service  in  this 


Organic  spot  test  analysis  can  be  discussed  under  three  headings  each 
with  distinct  Objectives,  and,  in  accord  with  their  importance,  separate 
chapters  are  devoted  to  them  in  this  text.  They  are: 

1)  The  identification  of  non-metallic  and  metallic  elements;  the  proof 

3)  The  identification  of  individual  organic  compounds 

The  solution  of  the  problems  cited  in  1)  involves  the  use  of  "preliminary 
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tests,  whose  relations  with  inorganic  spot  reactions  are  the  most  distinct  and 
closest  of  all.  For  example,  the  test  for  elements  in  organic  compounds  and 
in  salts  of  organic  acids  and  bases  requires  first  of  all  a  disintegration  of  the 
sample  by  wet  or  dry  methods,  followed  by  detection  of  the  characteristic 
fission  products  through  suitable  methods  borrowed  from  inorganic  spot 
testing.  Spot  tests  can  be  applied  directly  to  determine  the  basic  or  acidic 
character  of  organic  compounds  and  for  testing  their  ability  to  participate 
as  principals  in  redox  reactions.  Some  of  the  preliminary  tests,  which  have 
already  been  conducted  along  spot  testing  lines,  will  doubtness  be  susceptible 
to  improvement.  On  the  other  hand,  problems  of  a  fundamentally  new  kind, 
for  whose  solution  preliminary  tests  could  be  useful,  are  hardly  to  be  ex¬ 
pected,  unless  the  limitation,  adopted  in  this  book,  of  separating  preliminary 
tests  from  the  detection  of  functional  groups  is  abandoned.  No  plausible 
reason  for  giving  up  this  divisory  principle  has  been  advanced. 

Even  though  preliminary  tests  are  extremely  valuable  adjuncts  to  the 
chemical  examination  of  organic  materials  because,  with  little  expenditure 
of  material  and  time,  they  yield  important  clues  for  the  tests  to  be  undertaken 
subsequently,  nevertheless  the  real  province  of  qualitative  organic  analysis, 
and  hence  also  of  organic  spot  test  analysis,  is  the  detection  of  certain  groups 
in  organic  compounds,  and  the  identification  or  detection  of  individual  com¬ 
pounds.  Without  exception,  chemical  procedures  for  the  solution  of  these 
problems  are  based  on  the  fact  that  organic  compounds  enter  into  chemical 
reactions  not  as  whole  individuals  but  through  the  action  of  certain  groups. 
There  are  two  ways  of  utilizing  such  reactions:  If  groups  are  present,  which 
react  in  such  fashion  that  addition  compounds,  salts,  condensation-, 
oxidation-  or  reduction  products  are  formed,  which  because  of  color,  solu¬ 
bility,  etc.  can  serve  for  the  identification  of  the  starting  material  or  the 
groups  contained  in  it,  it  is  permissible  to  speak  of  “direct  tests”.  In  contrast, 
the  “indirect  tests”  make  use  of  the  reactivity  of  certain  groups  to  arrive 
at  compounds  which  in  their  turn  can  be  identified  by  salt  formation,  con¬ 
densation,  etc.  Usually,  indirect  tests  involve  the  use  of  operations  which 
are  commonly  employed  in  preparative  organic  chemistry  for  the  tearing 

down,  building  up,  and  transformation  of  compounds. 

It  need  hardly  be  stressed  that  direct  or  indirect  tests  used  in  spot  test 
analysis  must  be  satisfactory  with  respect  to  sensitivity  and  reliability,  an 
they  also  must  meet  the  requirement  of  being  quickly  conducted  in  a  sa  - 
factory  fashion  with  amounts  of  material  of  the  order  of  micrograms-mith- 
gram7  It  is  particularly  essential  that  the  preparative  operations  required 
fn  indirect  tests  be  such  as  can  be  accomplished  without  much  appara us 
and  loss  of  material.  Consequently,  in  organic  spot  test  analysis  it  o 
necessary  to  forego  the  use  of  reactions  which  lead  to  the  goal  when  earned 
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out  on  a  macro  scale.  It  appears  here,  precisely  as  in  inorganic  spot  test 
analysis,  that  it  by  no  means  follows  that  analytical  macro  methods  can  be 
taken  over  directly  as  a  matter  of  course.  The  reverse  process,  namely  the 
adoption  of  the  methods  of  spot  testing  on  the  macro  scale  is  possible  far 
more  often,  though  not  always.  This  special  position  of  the  methods  of  spot 
test  analysis  is  based  not  merely  on  their  special  technique,  but  above  all  in 
the  setting  up  of  specificity,  selectivity  and  sensitivity  as  the  prime  analy¬ 
tical  objective. 

With  respect  to  the  analytical  utility  of  direct  and  indirect  tests,  it  seems 
natural  to  assume  that  direct  tests,  which  are  more  rapid,  are  also  more 
sensitive,  since  they  are  not  burdened  with  the  supplementary  operations 
and  the  consequent  inevitable  losses  of  material  involved  in  the  indirect 
tests.  On  the  other  hand,  precisely  because  of  the  supplementary  steps,  the 
indirect  tests  would  be  expected  to  have  a  lower  sensitivity,  but  instead 
a  greater  specificity  or  selectivity.  All  experience  shows  however  that  so  far 
as  sensitivity  is  concerned  this  assumption  is  an  unreliable  generalization, 
which  need  not  be  taken  seriously  either  in  the  use  of  known  direct  or 
indirect  tests,  or  in  the  search  for  new  ones.  Both  types  of  tests  are  of  equal 
value  in  spot  test  analysis,  provided  they  meet  the  requirement  of  sensitivity 
and  reliability. 

What  was  said  concerning  the  past  and  present  development  of  inorganic 
spot  test  analysis  *  holds  also  for  its  organic  counterpart.  It  is  mostly  a  matter 
of  adapting  known  macroanalytical  tests  to  spot  testing,  and  of  finding 
new  tests.  Frequently  the  two  objectives  are  closely  related,  since  a  knowl¬ 
edge  of  or  the  classification  of  the  chemistry  of  a  test  leads  naturally  to  its 
improvement,  which  may  then  have  the  character  of  a  new  test.  The  adapta¬ 
tion  of  known  tests  has  not  yet  received  the  attention  it  deserves,  and  much 
fruitful  work  along  this  line  can  be  confidently  expected.  Color  reactions, 
whose  chemistry  is  known,  should  be  particularly  considered  in  this  con¬ 
nection,  because  such  studies  will  lead  to  an  understanding  of  the  details  of 
the  procedure,  and  also  give  a  certain  measure  of  guidance  relative  to  spe¬ 
cificity  and  selectivity,  points  which  of  course  still  need  to  be  investigated. 
7  iermo^e'  the  literature  of  analytical  chemistry  contains  descriptions 
o  many  color  reactions  between  organic  compounds,  usually  in  the  presence 
o  concentrated  acids  and  alkalies,  reactions  which  obviously  were  discovered 
empirically  or  accidentally.  When  these  are  examined  to  determine  thefr 

rVE  s  isist £ 
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*  Compare  Chapter  1  of  Volume  I. 
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Very  useful  suggestions  for  the  working  out  of  new  direct  tests  are  obtained 
by  considering  studies  dealing  with  the  analytical  employment  of  the  ability 
of  acid  and  basic  organic  compounds  to  form  salts  with  inorganic  ions.  On 
the  basis  of  such  investigations,  which  occupy  a  broad  field  of  interest  in  the 
chemistry  of  specific,  selective  and  sensitive  reactions,  it  can  now  be  stated 
with  assurance  that  analytically  useful  effects  of  organic  reagents  can 
invariably  be  attributed  to  the  presence  and  activity  of  certain  groups  in 
the  molecule  of  the  compound  in  question.  Accordingly,  if  by  virtue  of 
their  groups,  dioximes,  acyloinoximes,  derivatives  of  a,a'-dipyridyl  and 
8-hydroxyquinoline 


— C=NOH 

— CH(OH)— C(NOH)— 

— C=NOH 


OH 


react  sensitively  and  in  selective  fashion  with  certain  metal  ions  to  yield 
colored  insoluble  or  soluble  salts,  then  this  salt-formation  can  almost 
always  be  applied  conversely  to  the  detection  of  the  particular  groups 
of  the  organic  reagent.  This  is  nothing  more  than  an  application  of  the 
long  standing  principle  that  binary  reactions  can  be  used  analytically  for 
each  of  the  reactants.  Pertinent  examples  will  be  found  in  the  practical 
sections  of  this  text.* 

It  is  readily  apparent  that  the  employment  of  binary  reactions  for  the 
detection  of  either  of  the  reaction  partners  is  not  limited  to  the  formation  of 
salts,  but  must  hold  also  for  other  types  of  reactions.  The  following  example 
illustrates  this  point.  A  sensitive  and  specific  test  for  hydrazine  is  based  on 
its  practically  instantaneous  condensation  with  salicylaldehyde  to  yield  light 
yellow  salicylaldazine : 


/\ 

—OH  |  1 

+  H2N — NH2  — > 

—OH  HO— 

/\ 

— CHO  \  / 

+  2H.0 


H 


H 


This  condensation  occurs  in  the  form  of  a  precipitation  reaction  when  an 
aqueous  solution  of  salicylaldehyde  is  added  to  acid  solutions  of  hydrazine 
salts.  The  salicylaldazine  shows  an  intense  yellow  green  fluorescence  in 
ultraviolet  light,  permitting  the  ready  detection  of  small  quantities  of  this 
product.  (The  condensation  products  of  m-  and  ^-hydroxybenzaldehyde  do 
not  fluoresce.)  As  was  to  be  expected,  the  formation  of  fluorescent  salicyl- 
aldazine  can  be  used  conversely  for  the  detection  of  salicylaldehyde  and  of 


•  Among  these,  special  attention  should  be  given  to  the  specific  identl&aUon .of Ibulc  rhoda- 
mine  dyes  through  the  formation  of  insoluble  violet  fluorescent  complex  thall.c  salts. 
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compounds  which  split  off  hydrazine  (e.g.,  hydrazides  of  acids).  The  use  of 
the  condensation  of  hydrazine  can  be  carried  a  step  farther  if  consideration 
is  given  to  the  findings  of  the  chemistry  of  specific,  selective  and  sensitive 
reactions  relative  to  the  activity  of  certain  groups  in  organic  compounds.  In 
accord  with  the  concept  of  group  action,  it  could  be  expected  that  since  all 
o-hydroxy  aldehydes  contain  the  same  functional  group  as  salicylaldehyde, 
they  too  would  necessarily  condense  with  hydrazine  and  yield  fluorescent 
aldazines.  This  was  found  to  be  the  case;  most  of  the  fluorescence  hues  are 
the  same  and  the  sensitivities  of  these  spot  test  reactions  are  so  satisfactory 
that  it  was  possible  to  develop  a  general  test  for  o-hydroxyaldehydes,  which 
can  be  successfully  applied  to  even  very  complicated  members  of  this  class 
of  compounds. 

The  use  of  reactions  of  the  general  type  A  +  B  ->  C  for  the  detection  of 
either  A  or  B,  carries  far  greater  significance  for  qualitative  organic  analysis 
than  for  qualitative  inorganic  analysis.  If  A  or  B  (or  both)  are  organic  com¬ 
pounds,  there  exists  a  fundamental  possibility  of  detecting  A  or  B,  not  only 
through  the  production  of  C,  but  also  through  the  occurrence  of  all  reactions 
which  lead  to  A  or  B.  Consider  the  case  in  which  A  is  an  organic  reagent, 
which  responds  not  only  to  certain  inorganic  ions,  but  conversely  is  also 
detectable  by  means  of  these  ions.  Then  the  following  conclusion  is  in  order : 
the  preparation  of  the  reagent  is  accomplished  through  a  stoichiometrically 
defined  reaction  or  through  a  series  of  reactions  which  proceed  from  certain 
organic  compounds.  Therefore,  if  the  material  to  be  investigated  is  subjected 
to  the  conditions  of  the  preparation  of  the  organic  reagent  in  question,  and 
if  the  formation  of  C  can  be  detected,  then  the  organic  starting  materials 
or  the  functional  groups  contained  in  them,  will  also  have  been  detected’ 
When  this  principle  is  observed,  there  is  found  to  be  a  direct  connection  to 
modern  investigational  studies,  whose  objective  is  both  the  clarification  of 
the  action  of  known  reactions  as  well  as  the  discovery  of  new,  specific 
selective  and  sensitive  organic  reagents  for  inorganic  ions.  Thanks  to  such 
researches,  there  are  now  available  a  large  number  of  effective  organic 
reagents,  and  the  discovery  of  still  others  is  definitely  assured.  Consequently 
there  are  excellent  prospects  of  basing  indirect  tests  for  organic  compounds' 
or  groups  contained  in  them,  on  syntheses  of  such  organic  reagents  which  in 

ynth  r„rde2 1°  The  P0SSlbil1^  of  '-  y-lds  hfthe  plrtu  “r 

ynthesis  need  not  be  a  deterrent;  this  defect,  which  is  due  to  the  oc- 

urrence  of  parasitic  side  reactions,  can  obviously  be  compensated  if  a  sen 

Sitive  test  for  the  desired  product  of  the  synthesis's  avaTab  e  Ful  rm^' 

53SESS3S2S55 
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part,  such  losses  need  not  enter  into  consideration  here,  because  neither 
isolation  or  purification  are  necessary  when  the  objective  is  merely  to  detect 
or  identify  the  products  of  a  synthesis.  An  excellent  example  of  an  indirect 
test  accomplished  through  the  synthesis  of  a  characteristic  organic  com¬ 
pound  displaying  a  sensitive  reaction,  is  again  provided  by  the  formation  of 
the  fluorescent  aldazines  by  condensation  of  hydrazine  with  o-hydroxy- 
aldehydes.  These  aldehydes  can  be  prepared  from  phenols  (with  a  free 
or/Ao-position)  by  means  of  the  familiar  Reimer-Tiemann  reaction,  which 
has  been  widely  used  in  preparative  organic  chemistry  since  its  discovery  in 
1875.  In  this  procedure,  phenols,  and  chloroform  are  refluxed  for  a  consider¬ 
able  time  with  strong  caustic  solutions;  the  following  net  reaction  occurs: 


+  CHC13  +  3  KOH 


+  3  KCl  +  2  H20 


As  a  rule,  the  Reimer-Tiemann  reaction  gives  low  yields  of  o-hydroxyalde- 
hydes,  and  this  fact,  together  with  the  relative  complexity  of  the  procedure, 
would  seemingly  present  little  promise  of  satisfactorily  realizing  the 
synthesis  with  only  small  quantities  of  phenol.  However,  it  was  found  that 
if  chloroform  is  added  to  an  alkaline  solution  of  a  phenol  or  to  a  solid  alkali 
phenolate,  and  the  chloroform  is  then  evaporated,  the  quantity  of  o-hydroxy- 
aldehyde  produced  is  sufficient  to  be  detected  by  the  formation  of  the  fluor¬ 
escent  aldazine.  On  the  basis  of  this  finding,  it  was  possible  to  arrive  at  a 
new  test  for  phenols  with  a  free  o^/io-position,  since  the  reaction  can  be 
successfully  conducted  with  as  little  as  one  drop  of  the  solution  being  tested 


for  phenol. 

The  familiar  Skraup  synthesis  of  quinoline  (1882)  pointed  to  the  possi¬ 
bility  of  a  new  test  for  glycerol.  This  reaction,  which  fundamentally  can  be 

expressed : 

ch2oh 

cone. 


H2S04 


+  4  H20 


N' 


was  of  no  value  as  a  means  of  detecting  glycerol  so  long  as  there  was  no 
suitable  specific  test  for  the  resulting  quinoline.  However,  if  o-mtrophenol 
is  used,  then  8-hydroxyquinoline  results: 


OH 


ch2oh 

! 

+  CHOH 
CHjOH 


cone. 

- ► 

H.SO, 


OH 


+  4  H20 


11 


DEVELOPMENT,  PRESENT  STATE,  PROSPECTS 

This  product  (oxine)  is  a  widely  used  precipitant  for  numerous  metal  ions, 
yielding  light  yellow  inner  complex  salts  which,  in  most  instances,  give  an 
intense  yellow-green  fluorescence  in  ultraviolet  light.  As  could  be  seen  in 
advance,  the  oxine  can  be  detected  through  the  production  of  fluorescent 
oxinates.  This  test  is  so  sensitive  that  it  reveals  the  formation  of  oxine  when 
as  little  as  one  drop  of  a  dilute  solution  of  glycerol  is  warmed  with  o-nitro- 
phenol  and  concentrated  sulfuric  acid.  After  the  oxine  has  been  synthesized 
in  this  fashion,  the  fluorescent  metal  oxinate  is  obtained  by  making  the 
reaction  mixture  basic  and  adding  a  magnesium  or  aluminum  salt.  It  should 
also  be  noted  that  oxine  produces  fluorescent  salts  not  only  by  reaction  with 
Mg+2,  Zn+2,  and  A1+3  ions,  but  the  same  fluorescence  effects  are  obtained  as 
are  displayed  by  the  formula-pure  oxinates  when  this  reagent  is  adsorbed  by 
coming  into  contact  with  the  hydroxides  or  oxides  of  these  metals.  Derivatives 
of  oxine,  including  its  water-soluble  sulfonic  acids,  which  do  not  function  as 
precipitants,  are  likewise  chemically  adsorbed  with  fluorescence.  These 
adsorption  effects  can  be  utilized  in  sensitive  drop  reactions  for  8-hydroxy- 
quinoline  and  its  derivatives.  They,  like  the  fluorescent  aldazines  of  o-hy- 
droxyaldehydes,  prove  that  the  fluorescence  depends  on  the  presence  and 
activity  of  particular  groups  in  organic  compounds,  and  hence  can  be  called 
on  for  the  detection  of  these  groups. 

As  a  final  example,  reference  is  made  to  the  interesting  tests  which  have 
grown  out  of  the  long  known  synthesis  of  diphenylcarbazide  (Skinner  and 
Ruhemann,  1881)  which  is  produced  by  the  condensation  of  phenylhydrazine 
and  urea: 


/NH2  h2n—  nhc6h5 

oc  + 

\nh2  h2n— nhc6h5 


/NH — NHC6H5 
oc  +2  NH3 

\nh-nhc0h5 


In  qualitative  inorganic  analysis,  diphenylcarbazide  serves  as  a  very  sen¬ 
sitive  reagent  for  quite  a  few  metal  ions,  with  which  it  produces  colored  inner 
complex  salts.  Since  nickel  diphenylcarbazide  is  produced  with  neutral  and 
ammoniacal  nickel  solutions,  and  the  violet  product,  which  is  insoluble  in 
water,  dissolves  readily  in  ether,  chloroform,  etc.,  the  occurence  of  the 
condensation  can  be  readily  demonstrated  through  the  formation  of  this 
highly  colored  salt.  Consequently  there  is  this  possibility  of  detecting  either 
urea  or  phenylhydrazine  by  a  sensitive  test.  If  unsymmetrical  mono  alkyl- 
and  arylhydrazines  are  used  in  place  of  phenylhydrazine,  the  resulting 
derivatives  of  diphenylcarbazide  react  analogously  to  the  parent  compound 

dmsat?  hey,.  COntai"  the  same  salt-forming  groups.  Accordingly,  con- 

(arvl)  hvdm  “TIT  6  USed  “  a  S<5neral  meanS  of  detecting  mono  alkyl- 
(aryl)  hydrazines.  The  reaction  scheme  of  the  diphenylcarbazide  synthesis 
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shows  plainly  which  groups  of  the  two  reactants  are  involved  in  the  con¬ 
densation.  It  can  therefore  be  anticipated  that  modified  diphenylcarbazides 
will  be  produced  by  employing  certain  derivatives  of  urea.  For  instance, 
urethanes  can  also  be  detected  by  the  synthesis  of  diphenylcarbazide.  All  of 
these  syntheses,  as  well  as  the  related  tests  for  diphenylcarbazide  through 
formation  of  the  violet  nickel  salt,  can  be  conducted  within  the  bounds  of 
spot  test  analysis. 

In  the  light  of  the  foregoing  discussion,  it  may  certainly  be  expected  that 
organic  syntheses  can  be  utilized  for  the  indirect  detection  of  the  organic 
compounds  participating  in  the  syntheses.  Such  tests  are  greatly  facilitated 
by  the  non-necessity  of  isolating  the  products  of  the  synthesis  and  by  the 
freedom  to  depart  somewhat  from  the  usual  strict  directions  for  conducting 
the  synthesis.  The  most  important  requirement  is  that  a  particular  product 
of  the  synthesis  be  detectable  in  some  sensitive  way.  Consequently,  the 
search  for  organic  reagents  which  can  be  utilized  in  inorganic  analysis  is 
highly  important  to  organic  analysis  also.  It  seems  essential  to  point  out 
that  in  inorganic  analysis  it  is  primarily  a  matter  of  employing  organic 
reagents  which  are  specific,  selective,  and  sensitive.  When  using  the  syn¬ 
thesis  of  organic  reagents,  it  is  merely  incidental  whether  the  reagent  in 
question  is  specific  or  selective,  because  only  the  sensitivity  is  the  crucial 
factor. 

Primarily  because  of  the  hydrophobic  character  of  many  organic  com¬ 
pounds,  but  also  sometimes  for  other  reasons,  great  importance  attaches  in 
qualitative  organic  analysis  to  reactions  whose  initiation  and  progress  do 
not  require  the  presence  of  water  as  an  independent  phase.  In  indirect  tests 
which  involve  separate  synthesis  operations,  primary  reactions  in  organic 
solvents,  reactions  in  the  gas  sphase,  fusion  reactions,  and  the  like  are 
plausible.  However,  reactions  of  these  kinds  are  also  of  great  importance 
in  direct  tests  for  organic  compounds.  For  example,  salicylaldehyde  and 
8-hydroxyquinoline,  which  volatilize  somewhat  at  room  temperature  and 
still  more  when  gently  warmed,  can  be  detected  with  high  sensitivity  through 
the  formation  of  fluorescent  products  by  the  action  of  the  vapors  on  hydrazine 
or  metal  hydroxides,  respectively.  Although  derivatives  of  these  parent 
compounds  contain  the  same  functional  groups,  their  vapor  pressures  are 
too  low  to  permit  their  reaction  in  the  gas  phase.  Consequently  the  analogous 
mode  of  reaction,  which  likewise  leads  to  fluorescent  products,  holds  only 
for  reactions  in  solutions.  It  can  be  seen  therefore  that  selective  reactions 
may  be  the  basis  of  specific  tests  when  it  is  possible  to  transfer  the  reaction 
locale  from  the  solution  into  the  gas  phase.  This  possibility  should  be  kept 
in  mind  quite  generally  when  considering  the  detection  of  organic  compounds 
which  are  sublimable  or  which  can  be  volatilized  with  water  vapor. 
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A  reaction  in  the  gas  phase  can  occur  and  be  employed  in  analysis  when 
a  mixture  of  two  solids,  which  though  stable  at  room  temperature,  produces 
a  gas  when  warmed  because  of  the  thermal  decomposition  of  one  of  the 
solids,  and  provided  this  gas  then  reacts  with  the  other  solid.  A  pertinent 
example  is  a  mixture  of  molybdenum  trioxide  with  organic  compounds.  On 
heating,  the  volatile  organic  decomposition  products  react  with  the  solid 
molybdenum  oxide  to  give  molybdenum  blue.  This  interpretation  is  sup¬ 
ported  by  the  fact  that  readily  volatile  organic  compounds,  such  as  alcohol, 
ether,  etc.,  on  contact  with  hot  molybdenum  trioxide  reduce  it  to  molyb¬ 
denum  blue.  Such  production  of  the  blue  oxide  can  be  applied  within  the 
technique  of  spot  test  analysis  for  the  detection  of  traces  of  organic  materials. 
This  purpose  can  also  be  accomplished  by  means  of  potassium  iodate.  Even 
prolonged  heating  to  350°  has  no  effect  whatever  on  this  salt.  However,  if 
a  mixture  of  the  iodate  with  organic  materials  is  heated,  there  is  rapid 
reduction  to  potassium  iodide.  This  reduction  can  be  disclosed  by  treating 
the  sinter  residue  with  a  drop  of  acid,  when  iodine  will  be  set  free  because 
of  the  familiar  iodate-iodide  reaction.  Although  there  is  no  doubt  that  these 
two  tests  involve  the  action  of  gaseous  decomposition  products  on  a  solid 
co-reactant,  this  action  does  not  exclude  the  possibility  that  the  redox 
reaction  really  begins  as  a  solid-solid  reaction,  which  perhaps  may  proceed 
to  a  considerable  extent.  The  following  example  may  show  that  this  is 
actually  the  case.  In  inorganic  spot  test  analysis,  free  (unbound)  sulfuric 
acid  is  detected  by  its  action  on  heated  methylenedisalicylic  acid.  Red 
quinoidal  formaurindicarboxylic  acid  is  formed : 


HOOC 


OH  +  H2S04  — -> 
COOH 

=0  +  2  H20  +  SO, 


In  this  reaction,  concentrated  sulfuric  acid  functions  as  dehydrant  and  oxi¬ 
dant.  Unexpectedly,  it  was  found  that  the  red  formaurindicarboxylic  acid 
is  also  formed  when  a  mixture  of  sulfosalicylic  acid  (m.p.  1 20°)  and  methylene- 
disalicylic  acid  (m.p.  238")  is  heated  to  150“.  (In  this  way,  5  y  sulfosalicylic 

th‘  I?"  b'j.det!!.Cted  by.™ans  of  a  drop  reaction.)  It  is  natural  to  suppose 
hat  the  sulfosalicylic  acid  reacts  by  producing  sulfur  trioxide,  and  the  latter 
then  reacts  with  methylenedisalicylic  acid  in  the  same  ways  as  concentrated 
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sulfuric  acid.  However,  this  is  not  the  case.  The  red  formaurindicarboxylic 
acid  can  be  produced  by  heating  the  mixture  of  sulfosalicylic  and  methylene- 
disalicylic  to  only  100°  or  to  120°,  the  melting  point  of  sulfosalicylic  acid. 
Consequently,  in  the  sulfosalicylic  acid-methylenedisalicylic  acid  system,  the 
same  reaction  may  occur  either  as  a  solid-solid  reaction,  as  a  solid-melt 
reaction,  and  as  a  solid-gas  reaction. 

Similar  types  of  reaction  are  likewise  possible  in  the  system:  citric  acid 
(m.p.  152°)  -  urea  (m.p.  132°).  The  ammonium  salt  of  citrazinic  acid,  which 
has  a  blue  fluorescence,  is  produced  by  heating  this  mixture  to  150°.  The 
fluorescence  reaction,  which  will  reveal  as  little  as  2  y  citric  acid,  involves 
two  partial  reactions.  First  of  all,  biuret  and  ammonia  are  formed  when  urea 
is  heated  above  its  melting  point : 


NHa  NH, 

/NHj  |  I 

2  OC  — >  OC — NH— C=0  +  NH, 

\NH, 

The  superheated  ammonia  generated  in  this  decomposition  can  react  directly 
with  citric  acid  and  produce  citrazinic  acid  by  the  reaction: 

COOH 

I 

h2c— c — ch2 

II  I 

HOOC  OH  COOH 


COONH, 

I 


+  2  NH, 


HC 

II 

HO— C 


CH 


+  3  H,0 


C— OH 


-N' 


According  to  this  representation,  we  are  dealing  with  a  solid-gas  reaction, 
or  if  it  is  assumed  that  the  citric  acid  is  melted,  with  a  gas-melt  reaction 
It'has  now  been  found  that  the  fluorescent  citrazime  acid  is  hkew.se  formed 
when  the  mixture  of  citric  acid  and  urea  is  heated  to  only  110-120 >  .  i.e.. 
below  the  melting  point  of  either  of  the  reactants.  It  was  found,  in  addit  o  , 
that  the  non-fusing  alkali-  and  alkaline  earth  citrates  likewise  react  under 
these  same  conditions  to  produce  fluorescent  alkali  salts  of  citrazinic  acid 
These  reactions  in  the  sulfosalicylic  acid-methylenedisalicylic  acid  and  citr 
acid  (citrate)-urea  systems  reveal  two  important  facts.  Firs  y.  icy  emo 
St  ate  the  analytical  usefulness  of  the  participation  of  organic  compounds  in 

sintering  and  fusion  reactions;  secondly,  they  show, hat  the  respective  diem  - 

cal  reaction  can  occur  even  at  temperatures  below  the  decomposition  tempo- 
temperature  regions  which  heretofore  have  not  been  thought  worth  studying. 
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Hence,  it  may  be  expected  that  organic  compounds  with  low  melting-  and 
decomposition  points  can,  through  fusion  or  sintering,  enter  into  chemical 
reactions  which  are  not  realizable  in  the  wet  way.  Interesting  prospects  for 
the  development  of  new  direct  and  indirect  tests  in  organic  analysis  are 
thus  opened,  and  especially  in  organic  spot  test  analysis. 

Characteristic  examples  in  even  the  earliest  contributions  to  spot  test 
analysis  indicated  the  possibilities  of  extensions  of  “fluorescence  analysis’’. 
For  a  long  time,  the  latter  restricted  itself  primarily  to  registering  chance 
fluorescences  of  organic  and  inorganic  compounds,  whereby  data  were 
obtained  which  are  of  importance  in  the  testing  of  materials,  determinations 
of  origins,  etc.  The  extension  motivated  by  spot  test  analysis  consisted  essen¬ 
tially  of  including  a  stoichiometrically  defined  production  of  fluorescent 
products  as  a  test  for  one  of  the  compounds  participating  in  the  particular 
reaction.  The  mode  of  reaction  is  irrelevant  here ;  the  procedure  may  involve 
the  formation  of  soluble  or  insoluble  salts,  condensation  products,  etc.  It  is 
essential  either  that  fluorescent  products  be  formed  through  the  reaction  of 
non-fluorescent  materials,  or  that  there  be  a  characteristic  change  of  the 
fluorescence  hue  in  a  fluorescing  system.  Such  fluorescence  reactions  make 
direct  tests  possible.  One  method  of  employing  fluorescence  reactions  for 
indirect  tests  is  to  produce,  by  suitable  methods,  non-fluorescent  compounds, 
which  can  then  in  turn  be  detected  by  fluorescence  reactions.  The  tests  for 


o-hydroxylaldehydes,  glycerol,  and  citric  acid,  which  were  discussed  above, 
demonstrate  the  usefulness  of  this  procedure  in  organic  spot  test  analysis. 
In  general,  direct  and  indirect  tests  based  on  fluorescence  reactions  go  far 
toward  satisfying  the  requirements  of  selectivity  and  sensitivity.  A  limita¬ 
tion  is  imposed  however  by  the  fact  that  many  organic  compounds  are 
fluorescent  in  their  own  right,  or  sometimes  because  of  traces  of  impurities 
of  unknown  nature.  Furthermore,  non-fluorescent  compounds  can  quench 
fluorescence  by  absorbing  ultraviolet  light.  Such  interferences  are  especially 
serious  near  the  detection  limits  of  fluorescence  reactions.  Some  relief  is 
afforded  by  comparison  tests,  by  isolating  the  fluorescent  compounds  and 
by  observing  the  behavior  of  fluorescent  materials  when  subjected  to  *H 
changes,  which  frequently  are  accompanied  by  characteristic  alterations  in 
the  fluorescence  or  by  a  disappearance  of  the  fluorescence. 

Although  not  much  evidence  is  available  as  yet,  it  does  appear  that  the 
fluorescence  of  a  compound  is  sometimes  dependent  on  its  phase  state  and 
degree  of  dispersion.  This  point  is  illustrated  by  the  metal  oxinates  and  also 
y  e  condensation  products  of  hydrazine  with  o- hydroxyaldehydes  The 
mer  fluoresce  both  in  the  solid  state  and  when  dissolved  in  organic  liquids 

n  co  t  St,  ^  aldazmes  of  the  0_hyd  ldeh  fluore^^  U?  ^ 

State'  and  "0t  at  aI1-  on'y  to  a  minimum  Extent,  when  dtoWed  m 
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ether,  chloroform,  etc.  The  dependence  of  fluorescence  of  compounds  on 
their  phase  state  and  degree  of  dispersion  merits  consideration  here,  because 
an  eventual  use  of  this  relation  contributes  to  the  enhancement  of  the  spe¬ 
cificity  or  selectivity  of  fluorescence  reactions. 

Far  more  significance  attaches  to  the  development  of  fluorescence  resulting 
from  the  adsorption  of  nonfluorescent  soluble  or  insoluble  compounds.  The 
following  example  shows  that  this  can  happen :  hydrazine  condenses  with 
/>-dimethylaminobenzaldehyde  and  yields  a  water-insoluble  yellow  aldazine 
which  dissolves  in  acids  with  production  of  an  orange  quinoidal  cation : 


Neither  the  insoluble  aldazine  or  its  colored  solution  in  acids  is  fluorescent. 
However,  if  a  drop  of  the  orange  solution  is  placed  on  filter  paper,  a  red  (not 
orange)  fleck  is  formed,  which  fluoresces  luminously  red  in  ultraviolet  light, 
and  assumes  a  blue-green  fluorescence  when  spotted  with  alkali  or  ammonia 
(whereby  the  aldazine  is  produced).  Obviously  the  explanation  is  that  a 
fluorescence  is  produced  through  the  adsorption  on  filter  paper  of  non¬ 
fluorescent  ions  or  molecules.  The  importance  to  organic  spot  test  analysis 
of  the  discovery  of  fluorescence  effects  of  this  kind,  in  which  filter  paper 
functions  somewhat  as  an  active  participant,  hardly  needs  to  be  stressed 
This  phenomenon  of  “adsorption  fluorescence”  is  not  only  of  theoretical 
importance  but  it  has  analytical  values.  It  served  as  the  basis  of  a  spot  test 
for  hydrazine  in  solutions  diluted  to  1  :  50,000,000  and  also  of  a  spot  test 

for  the  hydrazides  of  carboxylic  acids.  ..  . 

The  foregoing  examples  have  shown  the  existence  of  new  or  hitherto  little 

considered  possibilities  of  using  reactions  of  organic  compounds  for  ana  ytica 
purposes.  Of  course  it  is  not  implied  that  the  previous  methods  of  employing 
organic  reactions  should  be  relegated  to  the  rear.  The  classic  methods  of 
qualitative  organic  analysis  and  their  improvement  will  continue  to  play  ™ 
imDortant  part  in  the  development  of  organic  spot  test  analysis,  bor  this 
reason  it  seems  well  to  give  here  a  general  survey  of  the  most  important ^ 
of  reaction  which  deserve  attention  in  the  employment  of  and  search 
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new  direct  and  indirect  tests  for  organic  compounds  or  the  identification  of 
characteristic  groups  contained  in  them. 


(1)  Direct  tests 

a )  Precipitation  and  color  reactions  (including  fluorescence  reactions)  with 
inorganic  or  organic  reagents  in  aqueous  or  organic  media. 

b)  Reactions  in  the  gas  phase  with  dissolved  or  solid  reagents. 

c)  Reactions  of  solids  with  solutions. 

d)  Reactions  of  solids  with  gases. 

e)  Reactions  of  solids  with  melts. 

/)  Reactions  of  solids  with  solids. 

g)  Catalysis  reactions,  in  which  the  material  to  be  detected  acts  as  catalyst. 

h)  Adsorption  effects. 

(2)  Indirect  tests 

a)  Degradation  (thermal,  hydrolytic,  oxidative,  reductive)  with  formation 
of  cleavage  products  which  are  detectable  by  (1)  (a-h). 

b)  Syntheses,  which  lead  to  compounds  detectable  by  (1)  {a,  g,  h). 

c)  Ascertainment  of  the  blocking  of  the  reactivity  of  particular  groups 
(masking  of  reactions  given  in  la). 


The  great  majority  of  the  direct  and  indirect  tests  used  in  organic  spot 
test  analysis  are  satisfactory  with  respect  to  sensitivity  (limit  of  identifica¬ 
tion  and  concentration  limit).  As  an  average,  the  detection  limits  attained 

nn^etTfen  °,4~10  micr°grams  (gamma)  of  the  sought  material  per  drop 
(0.05  ml)  and  fractions  of  a  milligram  can  still  be  detected  by  even  the  least 
sensitive  spot  tests.  In  general,  spot  reactions  will  reveal  inorganic  materials 
with  greater  sensitivity  than  organic  substances.  The  reason  for  this  differ- 
ence  resides  in  the  fact  that  direct  sensitive  ionic  reactions  are  encountered 

botwT  y  ^  d°m  m  t6StS  f°r  °rganic  materials-  and  molecular  reactions 
*  J®,  ,  °rga,mc  comP°unds  are  frequently  incomplete  and  often  are  accom¬ 
panied  by  side  reactions.  It  should  also  be  noted  that  limits  of  detection 

Of  iCS  0f  the  °rganiC  COmPounds  and  not  in  gammas 

".oa^th^S  STC3S&  X  reactions'  ^ 

3  does 

refinement  of  the  tests 
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tube  reactions.  Chapter  2  should  be  consulted  regarding  the  necessary 
apparatus  and  manipulations. 

In  many  cases  there  is  a  total  or  partial  lack  of  information  regarding 
the  specificity  and  selectivity  of  direct  and  indirect  tests  for  organic  com¬ 
pounds  or  the  groups  they  contain.  There  have  been  practically  no  studies 
of  the  lowering  of  the  sensitivity  of  tests  by  seemingly  indifferent  accom¬ 
panying  materials,  an  effect  often  encountered  in  inorganic  analysis.  The 
lack  of  such  information  is  related  to  the  fact  that  the  enormous  number  of 
organic  compounds  makes  it  incomparably  more  difficult  to  review  the 
tests  in  this  field  than  in  the  inorganic  field.  However,  it  may  be  anticipated 
that  with  growing  interest  in  organic  spot  test  analysis  and  its  application 
to  the  detection  of  organic  compounds  in  mixtures,  new  facts  relative  to 
specificity,  selectivity  and  sensitivity  will  be  uncovered.  Chemical  methods 
do  not  have  the  same  reliability  in  organic  analysis,  and  hence  not  in  organic 
spot  test  analysis,  as  in  inorganic  analysis.  Nevertheless,  in  view  of  past  and 
present  experiences,  it  may  be  expected  that  spot  reactions  will  render 
excellent  service  in  solving  special  problems  encountered  in  the  chemical  test¬ 
ing  of  organic  materials,  and  that  they  will  be  found  to  be  equal  and  sometimes 
even  superior  to  the  corresponding  macromethods.  The  economy  in  material, 
time  and  labor  accompanying  the  use  of  spot  reactions  is  of  course  a  special 
advantage.  It  is  self-evident  that  the  organic  spot  test  analysis,  which  limits 
itself  exclusively  to  chemical  methods,  cannot  be  nearly  as  serviceable  as  the 
classical  organic  analysis,  which  does  not  hesitate  to  enlist  physical  methods. 
For  the  latter,  chemical  methods  constitute  a  kind  of  preliminary  examina¬ 
tion  whose  objective  is  to  provide  information  about  preparative  measures 
to  be  taken  for  the  isolation  of  compounds  and  preparation  of  derivatives, 
which  can  be  definitely  identified  by  physical  methods.  Since  the  extension 
of  organic  spot  test  analysis  requires  the  improvement  of  existing  methods 
and  the  discovery  of  new  tests,  it  seems  certain  that  efforts  along  these  lmes 
will  also  enrich  the  chemical  methods  of  classical  organic  analysis.  The  ex¬ 
periences  gained  from  organic  spot  test  analysis  in  the  examination  of  organic 
materials  have  already  proven  very  useful  supplements  to  the  statements 
contained  in  the  standard  works  on  qualitative  organic  analysis.  Some  of 

these  texts  are: 

N  Campbell,  Qualitative  Organic  Chemistry,  New  York,  1939 

N.  D.  Cheronis  and  J.  B.  Entrikin,  Semimicro  Qualitative  Organic  Analysis, 

New  York,  1947  .  , 

H  T  Clarke  Handbook  of  Organic  Analysis,  London,  l.)2t 

C.'  H.  Huntress  and  S.  P.  Mulliken,  Manual  of  the  Identification  o/  Orgamc 

Compounds,  New  York,  1941 
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S.  M.  McElvain,  The  Characterisation  of  Organic  Compounds,  2nd  ed.,  New 
York,  1953 

O.  Kamm,  Qualitative  Organic  Analysis,  2nd  ed.,  New  York,  1932 
H.  Meyer,  Nachweis  und  Bestimmung  organischer  Verbindungen,  Berlin,  1933 
H.  Middleton,  Systematic  Qualitative  Organic  Analysis,  2nd  ed.,  London,  1943 
L.  Rosenthaler,  Der  Nachweis  organischer  Verbindungen,  2nd  ed.,  Berlin, 
1923 

F.  Schneider,  Qualitative  Organic  Microanalysis,  New  York,  1946 
R.  L.  Shriner  and  R.  C.  Fuson,  The  Systematic  Identification  of  Organic  Com¬ 
pounds,  2nd  ed.,  New  York,  1940 

H.  Staudinger,  Anleitung  zur  organischen  qualitativen  Analyse,  2nd  ed., 
Berlin,  1929 


When  dealing  with  organic  spot  test  analysis,  it  must  always  be  remem¬ 
bered  that  it  is  and  must  be  more  than  mere  technique,  description  of  proce¬ 
dures,  and  a  collection  of  recipes.  The  purely  manual  aspect,  which  plays 
such  a  particularly  important  role  in  spot  test  analysis,  deals  with  the  con¬ 
ducting  of  specific,  selective  and  sensitive  tests.  However,  an  exact  knowl¬ 
edge  of  the  chemistry  of  the  reactions  involved  and  the  reasons  for  all  the 
steps  taken  is  indispensable  to  a  real  understanding  of  a  procedure,  through 
which  the  specificity,  selectivity  and  sensitivity  can  be  brought  to  a  maxi¬ 
mum  In  this  way,  analytical  labors  become  experimental  chemistry  con¬ 
ducted  on  genuine  scientific  lines  and  thus  come  to  stand  in  close  relation 

rry/rTr  °!  Chemistry-  SP°‘  test  analysis,  both  inorganic  and 
rgamc,  owes  its  development  and  present  rank  to  adherence  to  this  thesis 

and  this  lettmohf  which  is  also  of  high  didactic  value,  will  be  our  constant 
and  unfailing  guide  in  this  text.  constant 


Chapter  2 

Spot  Test  Techniques 

1.  Introduction 


The  term  “spot  test  analysis’’  is  a  generic  term  referring  to  sensitive  and 
selective  tests  based  on  chemical  reactions  whereby  the  use  of  a  drop  of 
the  test  or  reagent  solution  is  an  essential  step.  The  tests  are  microanalytical 
or  semi-microanalytical  in  nature  and  are  applicable  for  the  investigation 
of  both  inorganic  and  organic  compounds.  An  important  part  in  spot  test 
analysis  is  played  by  the  actual  manipulations  with  drops  of  unknown  and 
reagents,  and  the  method  is  not  dependent  on  the  use  of  auxiliary  optical 
magnification. 

In  general,  spot  test  procedures  are  the  ultimate  in  simplicity.  The  ele¬ 
gance  of  the  method  derives  from  the  nature  of  the  reagents  used,  together 
with  the  advantageous  use  of  reaction  conditions,  so  that  the  utmost  of 
sensitivity  and  selectivity  can  be  obtained  with  a  minimum  of  physical  and 
chemical  operations.  As  much  as  possible,  separations  and  conditioning 
reactions  are  integrated  in  the  test  procedure  so  that  the  final  test  becomes 
a  unitized  operation  that  can  be  applied  directly  for  the  identification  of  the 
substance  in  question.  The  tests  are  ordinarily  run  by  using  one  of  the 
following  techniques: 

1.  By  bringing  together  one  drop  each  of  the  test  solution  and  reagent  on 
porous  or  non-porous  supporting  surfaces  such  as  paper,  glass,  or 


porcelain.  .  .  ,  ... 

2.  By  placing  a  drop  of  the  test  solution  on  a  medium  impregnated  with 

appropriate  reagents  (filter  paper,  asbestos,  gelatin). 

3.  By  placing  a  drop  of  reagent  solution  on  a  small  quantity  of  the  solid 
specimen  (fragments  or  pulverized  particles,  evaporation  or  ignition 

4  By  subjecting  a  drop  of  reagent  or  a  strip  of  reagent  paper  to  the  action 
'  of  liberated  gases  from  a  drop  of  the  test  solution  or  from  a  mmute 

Quantity  of  the  solid  specimen.  ..  ,  , 

5  In  an  extended  sense,  spot  reactions  may  also  include  tests  accomplished 
'  by  adding  a  drop  of  test  solution  to  a  larger  volume  (0.5  to  2  ml)  of  reagent 

solution  and  then  extracting  the  reaction  products  w.th  organic  solvents. 
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The  choice  of  procedure  to  be  followed  will  ordinarily  be  dictated  by  the 
nature  of  the  sample  and  the  reagents  available.  The  equipment  and  manipu¬ 
lations  required  are  all  simple  and  the  techniques  utilized  can  be  learned 
without  difficulty.  The  essential  requirements  for  the  successful  application 
of  spot  test  procedures  include:  (1)  a  knowledge  of  the  chemical  basis  of  all 
of  the  details  of  the  tests  used  so  that  every  step  of  the  procedures  can  be 
understood  and  executed  intelligently;  (2)  strict  observance  of  trustworthy 
experimental  conditions;  (3)  scrupulous  cleanliness  of  the  laboratory  and 
equipment;  (4)  the  use  of  the  purest  reagents  available.  Whenever  possible, 
tests  should  be  repeated  to  insure  reproducibility.  It  should  always  be  a  rule, 
also,  to  run  both  blanks  and  controls. 

The  most  essential  manipulation  in  spot  test  work  is  the  actual  “spotting” 
of  reactants.  It  is  frequently  necessary,  however,  to  undertake  certain 
preliminary  operations  to  provide  the  most  advantageous  reaction  con¬ 
ditions.  Particularly  in  cases  where  complex  samples  are  to  be  investigated, 
preliminary  separations,  either  physical  or  chemical,  may  be  required.  Various 
operations  such  as  drying,  evaporation,  ignition,  oxidation  or  reduction, 
and  adjustment  of  pH,  are  often  employed ;  in  cases  where  organic  substances 
are  to  be  identified,  it  is  often  necessary  to  undertake  syntheses  on  a  small 
scale,  and  preparative  operations  are  common. 

On  the  basis  of  the  preceding  remarks,  the  following  discussion  is  presented 
to  summarize  the  laboratory  and  equipment  needs  for  spot  test  analysis, 
together  with  some  of  the  essential  operational  techniques. 


2.  Laboratory  and  Equipment  Requirements 

Laboratory  needs  for  the  application  of  spot  tests  vary  greatly,  depending 
on  the  number  and  type  of  analyses  anticipated.  Under  any  circumstances, 
the  space  devoted  to  spot  test  work  should  be  so  designed  and  arranged  that 
it  can  be  kept  scrupulously  clean  and,  if  possible,  free  of  laboratory  fumes. 
Proper  lighting  is  also  of  the  utmost  importance  in  spot  test  operations. 
Diffused  daylight  is  ideal  for  observation  of  colors  and  precipitates  en¬ 
countered  in  the  analyses,  but  good  daylight-type  fluorescent  lighting  is  also 
very  satisfactory  and  has  the  advantage  that  it  is  constant.  The  arrangement 
of  the  work  sections  of  the  spot  test  laboratory  should  be  given  careful 
consideration.  The  actual  performance  of  the  tests  themselves  can  be  re¬ 
stricted  to  a  very  small  area  because  the  amount  and  type  of  equipment 
needed  is  at  a  minimum.  Most  important  is  to  have  an  ample  supply  of 
reagents  immediately  available  to  the  analyst.  Sections  devoted  to  sample 
preparation,  cleaning  of  glassware,  preparation  of  solutions,  and  general 

:"h.operat,ons  shouid  be  as  £  spot 
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1  he  requirements  for  a  spot  test  laboratory  suggested  above  can  be  met 
in  a  good  many  ways,  depending  on  the  amount  of  space  available  and  the 
volume  of  work  anticipated.  For  industrial  laboratories  or  large  research 
laboratories,  a  special  room  designed  for  spot  test  investigations  is  desirable. 
A  separate  laboratory  is  also  of  advantage  in  universities  where  instruction 
in  spot  test  methods  is  introduced.  In  this  connection,  it  is  quite  logical  that 
the  spot  test  laboratory  can  also  be  used  in  teaching  other  microchemical 
techniques.  It  is  practical  to  include  selected  spot  tests  in  the  general 
qualitative  analysis  course,  and  in  such  cases  a  few  sets  of  reagents  and  a 
spot  test  workbench  can  be  incorporated  in  the  general  qualitative  analysis 
laboratory. 

In  many  cases  where  space  is  at  a  premium,  it  is  necessary  to  restrict  the 
area  devoted  to  spot  test  work  and  make  this  section  a  part  of  some  general 
laboratory.  From  the  standpoint  of  the  space  involved,  this  is  easily  done 
because  these  procedures  require  a  minimum  of  equipment  and  the  working 
area  required  is  exceedingly  small  as  compared  to  that  needed  for  most 
analytical  techniques.  It  should  be  kept  in  mind  that  most  spot  tests  are 
extremely  sensitive;  and,  consequently,  it  is  necessary  to  have  the  test 
section  so  located  that  the  amount  of  fumes  and  dusts  can  be  kept  at  a 


minimum. 

A  very  satisfactory  arrangement  for  occasional  spot  test  work  is  to  set 
aside  a  portion  of  a  hood.  This  special  section  of  the  hood  should  have 
access  to  gas,  electricity,  and  water  and  should  have  excellent  lighting. 
Because  the  number  of  working  tools  required  is  so  small,  it  is  entirely 


practical  to  keep  most  of  the  ordinary  equipment  on  hand  in  the  hood  space. 
Where  certain  tests  are  anticipated  as  being  routine,  the  necessary  reagents 
■can  be  kept  also  in  the  hood,  while  chemicals  and  special  reagents  for 
occasional  use  can  be  kept  in  a  near-by  section  of  the  laboratory,  together 
with  such  auxiliary  apparatus  as  balances,  ultraviolet  lamps,  centrifuges, 

dryers,  and  furnaces. 

The  laboratory  devoted  to  spot  test  analysis  must  be  provided  with  a 
wide  selection  of  chemicals.  While  the  amount  of  chemicals  required  is 
quite  small,  it  remains  important  to  have  a  variety  of  reagents  available. 
Certainly  the  various  organic  and  inorganic  reagents  commonly  used  must 
be  stocked  and  a  complete  supply  of  general  acids,  bases  solvents  an 
oxidizing  and  reducing  agents  should  be  on  hand.  It  is  highly  desirable  to 
have  a  set  of  solutions  of  various  inorganic  ions  avaible  so  that  controls  can 
be  run  on  tests.  It  is  also  highly  desirable  to  have  representatives  of  diverse 
classes  of  organic  compounds  for  use  in  running  controls.  A  collection  of  plant 
products  and  standard  samples  of  chemicals,  minerals,  and  various  techn  c< 
products  is  also  of  great  value  in  the  preliminary  examination  of  unknown 
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materials.  In  this  connection,  it  is  well  to  have  simplified  procedures 
described  on  cards  mounted  near  the  required  reagents. 

Portable  laboratories  and  portables  kits  can  be  designed  for  use  in  spot 
test  work,  whereby  the  necessary  chemicals  and  equipment  for  a  variety 
of  tests  can  be  included  in  a  minimum  amount  of  space.  F or  greatest  flexibility , 
however,  the  well-equipped  spot  test  laboratory  will  include  an  assortment 
of  general  laboratory  apparatus  as  well  as  supplementary  reagents  and 
chemicals.*  The  following  list  is  suggested  as  a  guide  for  the  stocking  of  a 
versatile  laboratory. 


Glass-  and  porcelain-ware 

Assorted  sizes  of  beakers,  volumetric  flasks,  Erlenmeyer  flasks,  suction 
flasks,  round-bottom  flasks,  distillation  heads,  Conway  cells1,  crystallizing 
dishes,  evaporating  dishes,  filter  sticks,  separatory  funnels,  extraction 
pipets,  fritted  glass  crucibles,  graduated  cylinders,  pipets,  burets,  weighing 
bottles,  storage  bottles,  vials,  test  tubes  (macro-,  semimicro-  and  micro-) , 
centrifuge  tubes  in  various  sizes,  microscope  slides,  cover  glasses,  and  spot 
plates  should  be  available. 

In  addition  to  these  glass  items,  there  sould  be  some  counterpart  items 
made  of  porcelain  and  quartz.  Especially  in  the  case  of  porcelain  items, 
there  should  be  both  white  and  black  crucibles,  dishes,  and  the  well  known 
spot  plates  in  assorted  sizes.  An  important  recent  innovation  is  the  intro¬ 
duction  of  polyethylene  bottles,  which  are  of  great  value  in  the  storage  of 
stock  solutions.  There  is  available,  also,  low  actinic  glassware,  which  is 
particularly  useful  in  the  storage  of  certain  organic  reagents  that  tend  to 
decompose  when  exposed  to  low  wavelength  light. 

It  is  absolutely  necessary  to  keep  a  permanent  stock  of  glass  rods  and 
pipettes. 


Metal  utensils 


Platinum  ware  is  standard  for  many  spot  test  operations ;  and  there  should 
be  available  platinum  dishes,  foils,  crucibles,  and  boats.  Nickel  crucibles  and 
stainless  steel  beakers  and  dishes  are  also  of  value.  Aluminum  pans  and 
dishes  are  very  useful  since  because  of  their  low  cost  they  can  be  discarded 


analyses.  Rochester)  supply  most  of  the  reagents  of  importance  for  spot  test 

app^,rSrL0t„LK  of  microchemical 

Apparatus,  the  Commissi in  of  P L"eTd  d°^-  f  °<  Microchemical 

on  the  standardization  of  laboratory  equipment  mistlT.  is  making  cooperative  studies 
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after  use.  Absolutely  indispensable  are  forceps  and  spatulas  of  nickel  plated 
steel. 

Iron  ware 

There  should  be  a  good  assortment  of  microburners  as  well  as  Tirrill  and 
blast  burners.  Other  essential  metal  ware  items  are  sand  baths,  water  baths, 
tripods,  ring  stands,  clamps,  rings,  and  buret  holders. 

Special  equipment  and  apparatus 

The  following  equipment  and  apparatus  can  be  considered  as  essential 
in  the  spot  test  laboratory:  trip  scale,  torsion  balance,  analytical  balance, 
pH  meter,  ultraviolet  lamp,  infrared  lamp,  centrifuge,  ovens,  dryers  (a 
common  hair  dryer  is  very  useful  in  spot  test  operations),  furnaces,  hot  plates, 
steam  baths  (an  electric  baby  bottle  warmer  makes  an  excellent  steam  bath 
for  microchemical  use),  microdistillation  assembly,  electrographic  apparatus, 
and  cooling  blocks. 

In  addition  to  the  above  items,  it  is  desirable  to  have  a  spectrophotometer 
(such  as  the  Beckman  model  DU  or  model  B),  a  stereoscopic  microscope, 
chemical  microscope  (or,  preferably,  a  polarized  light  microscope),  electric 
timer,  and  a  melting  point  apparatus. 


3.  Working  Methods 

Consideration  of  the  methods  used  in  the  laboratory  must  start  with  a 
discussion  of  the  chemicals  and  solutions  used.  In  general,  a  \ery  good 
assortment  of  reagent  quality  inorganic  chemicals  should  be  available. 
Quarter-pound  bottles  are  more  than  adequate  in  most  cases.  Organic 
chemicals  are  widely  used  in  spot  test  laboratories  and  a  good  selection  of 
organic  reagents  should  be  on  hand.  In  most  cases  a  few  grams  of  organic 
reagents  is  sufficient;  and  these  materials  may  be  stored  in  the  original 
bottles,  preferably  in  a  darkened  cabinet.  In  some  cases  the  organic  reagents 

should  be  kept  under  refrigeration.  . 

The  wide  use  of  organic  reagents  requires  an  appreciation  of  the  charac¬ 
teristics  of  such  materials.  Many  such  reagents  tend  to  decompose  upon 
standing,  particularly  when  they  have  been  made  up  in  solution.  It  is  often 
possible  in  such  cases  to  retard  deterioration  through  the  use  of  low  actinic 

glassware.  . 

Polyethylene  containers  can  be  used  to  store  almost  any  organic  or  inorganic 

compound  Such  containers  are  so  inert  chemically  that  they  offer  great 
advantages  in  the  storage  of  the  more  reactive  reagents.  Although  poly¬ 
ethylene  bottles  cost  somewhat  more  than  standard  glass  o  ,  y 
soon  pay  for  themselves  in  saving  of  chemicals  and  in  saving  of  time  that 
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would  normally  be  required  in  the  replacement  of  deteriorated  solutions. 

Chemicals  and  reagents  actively  used  at  the  spot  test  workbench  should 
be  kept  in  containers  most  convenient  for  use.  For  dry  chemicals  it  is  usually 
sufficient  to  keep  them  in  plastic-stoppered  glass  vials.  Because  the  actual 
spot  reactions  usually  require  not  more  than  a  drop  or  two  of  liquid  reagents, 
it  is  well  to  keep  such  materials  in  small  dropping  bottles.  Bottles  of  the 
type  shown  in  Fig.  1  are  very  satisfactory  where  there  is  no  danger  of  the 
stopper  becoming  frozen.  Bottles  equipped  with  pipets  are  very  convenient 
for  most  work,  and  the  type  shown  in  Fig.  2  or  the  Barnes  dropping  bottle 
shown  in  Fig.  3  are  very  satisfactory.  All  such  bottles  should  be  of  resistant 
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Fig.  2. 

Pipet  bottle  (£  actual  size) 


Fig.  3. 
Barnes 
dropping 
bottle 
(j  actual 
size) 


glass.  Before  being  filled  the  bottles  should  be  cleaned  thoroughly  and 
rinsed.  Alkaline  solutions  that  may  attack  glass  may  be  stored  in  bottles 
coated  inside  with  paraffin,  although  in  most  cases  it  is  now  preferred  to 
store  such  solutions  in  polyethylene  bottles.  It  is  possible  to  obtain  such 
bottles  with  nozzles  so  that  reagents  can  be  sprayed  from  the  bottle  bv 
mere  Y  squeezing  the  sides;  or  droplets  of  reagent  can  be  added  by  tipping 
the  bottle  and  allowing  reagent  actually  to  run  into  the  spray  nozzle  after 

which  he  number  of  drops  taken  can  be  regulated  by  the  amount  of  p^ssure 
applied  to  the  sides  of  the  bottle.  P 


Sampling 

In  any  analytical  work  one  of  the  most  important  of  all  operations  is  the 
taking  of  samples.  It  is  a  total  waste  of  time  and  effort  to  make  carefn! 
na  yses  of  samples  that  are  not  representative.  For  spot  test  operations  it 
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must  be  kept  in  mind  that  such  investigations  can  be  utilized  in  the  detection 
of  inhomogeneities  in  the  sample,  or  the  tests  can  be  utilized  for  ascertaining 
the  average  or  general  composition  of  a  gross  sample.  Where  selected  por¬ 
tions  of  a  sample  are  to  be  examined,  it  is  often  advisable  to  use  low-power 
magnification  and  to  sort  the  particles  with  the  aid  of  a  low-power  wide- 
angle  microscope.  Sorting  can  be  accomplished  in  such  cases  through  use 
of  fine  glass  fibers  that  have  been  moistened  with  glycerol  or  some  other 
viscous  and  inert  agent  which  can  serve  to  collect  the  desired  particles. 
Random  impurities  in  many  solid  samples  can  best  be  studied  by  first 
dissolving  the  sample  and  then  isolating  the  impurities  through  use  of 
gathering  agents,  chromatographic  techniques,  or  selective  extractions.  In 
some  cases  no  such  isolation  methods  need  be  applied;  instead,  highly 
sensitive  spot  tests  are  used  directly  for  the  detection  or  rough  estimation 
of  the  impurity. 

Materials  in  the  gaseous  state  are  sometimes  subjected  to  spot  test 
investigation.  Materials  of  this  type  present  peculiar  problems  because  they 
are  usually  invisible  substances.  In  handling  gas  samples,  the  desired  con¬ 
stituent  may  be  scrubbed  from  a  given  volume  of  the  sample  and  subsequently 
examined,  or  a  "catch”  sample  of  the  gas  can  be  collected  and  the  gross 
sample  subjected  to  analytical  investigation. 

Samples  of  liquid  unknowns  present  few  problems  for  the  selecting  of 
representative  samples,  especially  if  the  total  sample  can  be  stirred  thorough¬ 
ly  to  insure  good  mixing.  In  those  cases  where  individual  liquid  samples 
must  be  taken  and  combined  for  later  study,  it  is  important  that  representa¬ 
tive  samples  be  secured  by  mixing  like  portions  secured  at  the  different 

locations.  ,  ^  ,  ,, 

The  problem  of  proper  sampling  is  so  important  that  when  there  is  a 

doubt  concerning  the  reliability  of  samples  for  investigation  special  treatises 
should  be  consulted  for  information  on  the  products  and  sample  methods  use  . 


Grinding  and  mixing  of  solids 

Solid  samples  are  usually  subjected  to  chemical  treatment  in  the  course  of 
the  analytical  examination.  These  processes  include:  dissolution  in  water, 
acids  or  alkalies ;  fusion  with  disintegrating  agents  such  as  sodium  carbonat 
sodium  peroxide,  sodium  pyrosulfate;  volatilization  of  certain  components 
(simple  distillation,  sublimation,  or  the  fuming  of  the  sample  ruth  hydro- 
fluonc  acid  hydrochloric  acid,  sulfuric  acid,  etc.),  and  extraction  with 
organic  solvents  Whatever  treatment  is  employed,  it  is  the  general  rule  that 
the  maximum  reactive  surface  of  the  solid  should  be  Provided  so  that  com¬ 
pete  and  rapid  reactions  may  occur.  This  requirement  is  met  in  the  case 
o  slightly  soluble  compounds  only  when  they  are  freshly  precipitated  and 
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gently  dried.  Ignited  materials,  especially  natural  or  technical  products, 
must  usually  be  pulverized  beforehand  because  a  direct  testing  on  compact 

surfaces  is  possible  only  in  exceptional  cases. 

Agate  mortars  are  preferred  in  the  pulverizing  of  solid  materials.  Mortars 
and  pestles  of  glass  or  of  good  quality  porcelain  are  satisfactory  for  many 

purposes  although  they  lack  the  resistance  of 
agate.  Very  hard  specimens  should  be  broken 
up  in  a  steel  diamond  mortar  before  final  pul¬ 
verizing  in  agate.  Fig.  4  shows  a  micro  mortar. 

To  insure  a  uniform  particle  size,  it  is  neces¬ 
sary  to  screen  the  powdered  material  through 
tightly  stretched  fine  silk  cloth.  Such  sieving 
is  accomplished  by  adding  the  sample  to  the 
micro  sieve  and  gently  tapping  the  cloth  so 
that  the  finest  particles  of  the  powder  fall 
through  the  meshes  and  the  coarser  fragments 
are  retained.  The  latter  are  then  reground  and 
Fig.  4.  Micromortar  (actual  size)  the  sifting  and  grinding  continued  until  the 

total  sample  has  been  reduced  to  such  a  fine 
state  of  subdivision  that  it  has  passed  through  the  cloth.  Only  when  a 
perfectly  homogenous  material  is  being  examined  may  the  coarser  residue 
be  rejected  and  the  first  portion  taken  for  chemical 
examination. 

A  very  satisfactory  arrangement  for  the  sieving 
of  samples  is  shown  in  Fig.  5.  It  consists  of  an 
open  glass  tube  or  micro  beaker  over  which  is 
stretched  a  circle  of  very  fine  silk.  The  cloth  can  be 
cemented  in  place  or  it  can  be  fastened  by  means 
of  a  rubber  band  or  piece  of  string. 

Pulverized  samples  are  mixed  with  powdered 
reagents  only  if  the  materials  are  thoroughly  dry. 

The  mixing  can  be  done  in  crucibles,  on  watch 
glasses,  or  on  glazed  paper.  Dry  powders  that  are 
not  hygroscopic  can  be  weighed  satisfactorily  in 
tared  aluminum  dishes  or  on  glazed  paper.  The 
mixing  of  powders  can  be  performed  with  platinum 
wires  or  thin  glass  rods.  Micro  spatulas  are  very 
useful,  and  wooden  toothpicks  are  of  general  value  in  the  handling  of 
powdered  materials.  Rather  uniform  specimens  of  some  solid  samples 

is  r„hhe0H  °f  STak  P'ateS  °f  UngIazed  POTcelain.  The  sample 

is  rubbed  against  the  porcelain  plate  and  the  sample  is  collected  in  the 
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Microsieve  (actual  size) 
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form  of  a  streak  which  can  be  subsequently  observed  for  its  color  and 
then  taken  up  in  appropriate  reagents  and  analyzed  by  spot  test  procedures. 


Evaporating,  drying,  igniting,  fusing 

The  concentrating  of  solutions,  removal  of  solvent  or  volatile  constituents 
of  solutions,  and  evaporation  of  solutions  to  dryness  may  be  carried  out, 
in  most  cases,  in  glass,  porcelain,  or  platinum  micro  crucibles.  The  apparatus 
shown  in  Fig.  6  is  very  convenient  for  all  of  these  operations.  It  consists  of 


an  aluminum  block  fitted  with  thermo¬ 
meter  wells;  cavities  for  two  or  three 
micro  crucibles  are  also  provided  in  the 
block,  and  a  small  glass  bell  carrying  a 
stopcock  is  fitted  tightly  to  the  top  of 
the  block.  With  this  apparatus  it  is  possible  to 
remove  water  and  volatile  compounds  under 
reduced  pressure  at  temperatures  below  the  normal 
boiling  points.  If  the  bell  is  placed  on  a  well-fitted 
ground-glass  plate  the  assem¬ 
bly  can  be  used  as  a  micro  de¬ 
siccator.  (See  also 2.) 

Small  volumes  of  liquid  can 
be  concentrated  or  taken  to 


ypyj  dryness  in  centrifuge  tubes 
by  blowing  dry,  filtered  air 
over  the  surface  of  the  liquid 

6:  ,  while  the  centrifuge  cone  is 

Aluminum  block  for  con- 

centrating  solutions,  etc.  immersed  in  a  water  Darn. 

(J  actual  size)  pjg  7  shows  the  details  of 

the  apparatus  for  such  an  operation. 

If  the  temperature  of  a  water  bath  is  not  sufficient 
to  remove  volatile  compounds,  an  infrared  lamp  can 
be  used  advantageously,*  and  air  or  sand  baths  can 
be  employed  so  as  to  obtain  higher  temperatures.  A 
simple  air  bath  is  shown  in  Fig.  10.  It  consists  of  a 
nickel  crucible  with  a  copper  wire  triangle  suspended 
in  it  through  lateral  slits.  The  triangle  supports  a 
micro  crucible  or  micro  beaker.  The  crucible  can  e 
heated  directly  by  a  burner  or  hot  plate  and  the 
temperature  checked  by  suspending  a  thermometer 
in  the  crucible.  The  thermometer  is  best  protected 
•  A  special  radiator  for  analytical  work  has  been  described.  * 


Rubber  stopper 


3 


Clamp 


-  Purified  cotton 
woo / 


\ 

0 

/ 

\ - 

\A 

A 

Fig.  7. 

Set-up  for  concentrating  a 
solution  in  a  centrifuge 
tube  (£  actual  size) 
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by  a  metal  collar.  If  the  bath  is  filled  with  fine  sand,  the  vessel  containing 
the  liquid  to  be  evaporated  can  be  placed  on  or  in  the  sand,  depending  on  the 
rate  of  evaporation  desired. 

When  evaporation  or  fuming  operations  result  in  the  evolution  of  clou  s 


beakers  (|  actual  size) 


Aluminum  support  for  micro  beaker 
(J  actual  size) 


Fig.  10. 

Air  bath  constructed  from  nickel  crucible  (f  actual  size) 


of  ac,d  vapors  or  noxious  gases,  the  apparatus  should  be  set  up  m  a  hood 
oahood  arrangement,  should  be  constructed  through  use  of  an  inverted glS 
funne  connected  to  an  aspirator  pump  as  shown  in  Fig  1 1  § 

atmum  spoons,  or  silica  casseroles  and  watch  glasses  are  very  useful 
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in  evaporating  small  volumes  of  liquid  samples.  Clear  silica  utensils  are 
particularly  useful  in  this  case  because,  after  the  evaporation  or  ignition,  the 
residue  can  be  inspected  directly  over  black  glazed  paper  or  other  suitable 

backgrounds. 

Fusing  of  powdered  ma¬ 


terials  can  be  accomplished 
very  conveniently,  in  most 
cases,  through  use  of  pla¬ 
tinum  spoons  (Fig.  12)  or 
platinum  loops.  Fluxes  may 
be  collected  on  platinum 
loops  and  then  touched  to 
powdered  samples  and  the 
melt  subjected  to  oxidizing 
or  reducing  flames,  as 
desired.  Platinum  micro 
crucibles  may  also  be  used 
for  fusions,  particularly 
when  muffle  furnaces  are 
available. 


Y 


Fig.  12. 

Platinum  spoon 
with  handle  fused 
into  a  glass  tube 
(actual  size) 
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Fig.  11. 

Set-up  for  leading  fumes  away 
(1  actual  size) 


Addition  and  control  of  drops 
The  adding  of  a  drop  of 


test  solution  or  reagent  is  basically  a  very  simple  operation  and  can  be  done 
in  a  variety  of  ways,  depending  on  the  circumstances.  For  the  application 
of  drops  of  reagent,  it  is  generally  unnecessary  to  maintain  careful  control 
of  drop  size.  On  the  other  hand,  the  measurement  of  the  sample  drop  should, 
in  many  cases,  be  controlled  carefully  so  that  the  same  size  drop  is  taken 
each  time.  This  is  particularly  important  when  semi-quantitative  estimates 

of  materials  are  desired. 

The  simplest  method  of  taking  drops  is  to  use  a  reagent  bottle,  such  as 
the  Barnes  type  (Fig.  3),  which  is  stoppered  with  a  dropper  pipet.  Control  of 
the  delivery  of  liquids  can  be  maintained  by  means  of  the  rubber  cap.  \\  hen 
drops  of  liquid  are  to  be  placed  on  paper  or  spot  plates  by  means  of  such 
pipets  the  latter  should  be  held  at  right  angles  to  the  horizontal  receiving 
rZfJ*  Thp  ni npf  fin  should  not  be  more  than  one  or  two  centimeters  above 
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reaction  followed  as  the  mixing  occurs.  Under  any  circumstance,  it  is 
important  that  the  pipet  tip  remains  free  from  any  possible  contamination. 
Therefore,  all  drops  should  be  allowed  to  fall  freely  and  the  tip  of  the  pipet 
must  not  be  touched  against  the  receiving  surface. 

Dropping  bottles  equipped  with  turn  caps  are  also  very  convenient  for 
the  adding  of  reagents.  It  is  somewhat  more  difficult  to  control  the  amount 
of  reagent  added  with  this  type  of  bottle  but,  with  a  little  practice,  adequate 
control  can  be  maintened. 

Glass  rods  are  very  useful  in  transferring  drops  of  solution  or  reagent 
where  careful  control  of  drop  size  is  not  required.  A  glass  rod  3  millimeters 
in  diameter  delivers  drops  of  about  0.05  ml  volume,  while  smaller  drops  can 
be  delivered  by  using  rods  of  smaller  diameter.  The  use  of  glass  rods,  how¬ 
ever,  is  permissible  only  for  exploratory  work  because  close  regulation  of 
drop  size  is  too  difficult.  If  the  rod  is  not  wetted  sufficiently  there  is  danger 
that  the  drops  will  flow  off  too  slowly  and  the  operator  will  be  tempted  to 
touch  the  filter  paper  or  other  substance  with  the  rod.  This 
results  in  liquid  being  sucked  off  the  rod  with  resultant  loss 
of  control  of  drop  size.  If  rods  are  used  they  should  be  used 
only  once  and  then  placed  in  a  receiving  beaker  containing  a 
rinse  solution. 

Platinum  loops  are  very  convenient  for  the  transfer  of 
drops.  A  platinum  loop  can  be  fashioned  permanently  in  a 
fine  platinum  wire;  if  desired,  the  size  of  the  loop  can  be 
adjusted  to  deliver  any  predetermined  size  drop.  Loops  can 
be  calibrated  and  the  volume  of  sample  delivered  can  be  in¬ 
dicated  by  pasting  a  label  on  the  handle  of  the  loop  holder. 

Drops  are  often  delivered  by  means  of  pipets  of  various 
descriptions.  Calibrated  capillary  pipets  are  very  useful 
where  exact  measurement  of  solution  volumes  is  desired. 

Transfer  pipets  are  also  utilized  widely  and  can  be  prepared 
readily  in  the  laboratory.  Dropper  pipets  with  rubber  bulbs 
are  particularly  useful  and  can  be  prepared  in  the  laboratory 
or  can  be  obtained  from  supply  houses  or  drug  stores 
(Fig.  13).  Dropper  pipets  for  accurate  delivery  of  drops  can 
be  made  by  using  large  capillary  tubing  and  blowing  out 
storage  bulbs  if  necessary.  By  retaining  the  flat  surface 
o  the  tube  end,  more  careful  control  of  drop  size  is 
maintained.  It  is  also  helpful  to  coat  the  outside  walls  of 

' 6  piPets  in  thls  case  with  silicone  grease  so  that  only 
the  end  of  the  pipet  can  be  wetted. 

An  extremely  useful  device  for  accurately  delivering  known  amounts  of 


Fig.  13. 
Dropper  pipet 
(£  actual  size) 
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solution  is  the  micro  pipet-buret  *  described  by  Gilmont.4  These  pipets  can 
be  made  to  deliver  from  0.0001  ml  to  1  ml  of  solution.  They  have  a  glass 
reservoir  and  delivery  tip  and  the  volume  of  solution  delivered  is  controlled 
by  means  of  a  synthetic  ruby  plunger,  which  is  passed  through  a  teflon 
gasket.  The  control  of  the  volume  of  solution  delivered  is  maintained  by 
means  of  a  micrometer  screw  activating  the  synthetic  ruby  plunger.  A 
micrometer  gauge  reads  directly  in  terms  of  volume  delivered.  The  pipet 
can  be  mounted  on  a  ring  stand  and  a  solution  of  the  sample  to  be  analyzed 
can  be  stored  in  the  pipet  and  accurate  volumes  of  sample  delivered  as 
desired.  This  device  is  also  of  importance  in  research  work  where  new  spot 

tests  are  being  studied  and  if  it  is  desired  to  maintain 
accurate  control  of  volume  of  all  reagents  used  in  the 
procedure. 

Figure  14  shows  a  small  apparatus  for  delivering  uni¬ 
form  drops  of  mercury ;  it  consists  of  a  storage  vessel  and 
is  closed  by  a  glass  cock  whose  plug  has  a  depression  in 
place  of  the  usual  bore.  The  size  of  the  drop  is  determined 
by  the  size  of  the  depression  and,  consequently,  different 
sized  drops  can  be  delivered  by  varying  the  depression. 
One  advantage  of  this  “mercury  dropper’’,  which  can 
also  be  used  to  deliver  drops  of  other  liquids,  is  the  tight 
closing  of  the  storage  vessel  and  the  unvarying  size  of 
the  drops  discharged.  The  vessel  is  filled  by  taking  out 
the  cock  and  inserting  a  shortstem  funnel  in  the  delivery  tube. 


Fig.  14. 
Apparatus  for 
delivering  uniform 
drops  of  mercury 
(J  actual  size) 


Separation  methods  ( operations) 

While  it  is  true  in  spot  test  work  that  the  tests  are  unitized  as  much  as 
possible  in  order  to  eliminate  the  tedium  of  separation  procedures,  it  still 
remains  necessary  in  many  cases  to  isolate  desired  materials  or  to  eliminate 
possible  interfering  substances  through  application  of  separation  techniques. 
The  most  elegant  method  of  separation  is  that  of  masking.  In  such  operations, 
interfering  materials  are  usually  sequestered  as  soluble  complexes  or  pseudo 
salts  Such  methods  have  the  obvious  advantage  that  no  subsequent  separa¬ 
tion  of  phases  is  required  and  so  the  separation  can  become  an  inherent  step 
in  a  simplified  spot  test  procedure.  No  special  discussion  of  technique  is 
required  here  because  the  only  operation  involved  is  the  addition  of  the 

necessary  conditioning  agent.  .•  c  Tim 

Precipitation  methods  remain  standard  for  analytical  separates,  lte 
more  complex  the  unknown,  the  greater  the  likelihood  that  separations  o 
some  sort  are  desirable  or  necessary.  Particularly  in  the  case  of  unknown 

.  These  pipet-burets  are  available  Iron,  the  Emil  Greiner  Company,  New  York  City. 
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inorganic  mixtures  and  in  the  investigation  of  commercial  products  is  it 
necessary  to  use  some  classification  system  of  separation  which  will  serve 
to  isolate  certain  groups  of  substances  for  subsequent  spot  test  investigation. 

When  spot  reactions  are  made  on  paper,  either  by  bringing  together  two 
drops  or  by  spotting  a  reagent  paper  with  a  drop  of  the  test  solution,  any 
insoluble  compounds  formed  are  precipitated  directly  in  the  paper,  and  the 
unchanged  constituents  of  the  solutions  undergo  capillary  diffusion.  The 
latter  will  then  be  present  throughout  the  whole  spotted  area,  particularly 
in  the  circular  zone  surrounding  the  precipitate.  Precipitation  and  filtration 
are  thus  accomplished  in  the  surface  of  the  paper.  Additional  spot  tests  can 
be  made  then  on  the  spotted  area,  either  on  the  product  that  has  precipitated 
there,  or  on  the  circular  zone  surrounding  the  precipitate.  Spot  reactions  on 
paper  not  only  accomplish  a  direct  precipitation  and  filtration  but  also  make 
it  possible  to  purify  precipitates  by  washing.  This  can  be  done  by  placing 
drops  of  water,  or  of  a  suitable  wash  liquid,  on  the  center  of  the  spot ;  the  con¬ 
centric  ring  around  the  precipitate  is  thus  extended  by  capillary  diffusion.  If 
the  filtrate  is  of  no  importance  for  additional  tests,  it  is  better  to  bathe  the 
spotted  paper  in  an  appropriate  wash  liquid,  which  can  be  renewed  if  necessary. 
When  it  is  desired  to  wash  a  precipitate  by  repeated  treatment  with  drops  of 
water,  each  drop  should  be  completely  absorbed  before  the  next  drop  is  added. 

It  is  generally  better  to  dry  the  spots  before  washing  them.  This  fixes  the 
precipitate  more  firmly  in  the  capillaries  of  the  paper  and  there  is  less 
likelihood  of  its  being  washed  away.  Spots  are  dried  best  and  most  quickly 
by  a  blast  of  warm  air.  This  localizes  the  material  that  has  remained  in 
solution  and  undergone  capillary  diffusion ;  the  accumulation  will  be  greatest 
on  the  side  of  the  paper  toward  the  blast.  This  is  an  advantage  if  further 
tests  by  later  spot  reactions  are  to  be  made  on  the  filtrate  that  has  been 
separated  by  capillary  action. 

The  testing  for  dissolved  materials  that  have  diffused  out  of  a  patch  of 
precipitate  should  be  made  by  spotting  laterally.  It  is  best  to  place  a  drop  of 
the  appropriate  reagent  on  the  dry  paper  beyond  the  primary  spot.  The  reagent 
w,l  spread  uniformly  from  the  point  of  application,  and  characteristic  reaction 
pic  ures  will  be  produced  at  the  junction  of  the  two  spots.  If  colored  reagents 
are  used  in  this  manner,  even  slight  changes  in  color  are  quite  apparent 

acids  llkX°andntbe  ITT ‘°  determine  their  solubility  in  dilute 
cids,  alkalis  and  the  like,  by  spot  reactions  on  paper.  A  small  quantity  of 

he  pulverized  sample  is  heaped  on  a  strip  of  filter  paper  and  spotted  with 
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determination  of  solubility,  but  can  be  used  also  if  soluble  colored  reaction 
products  are  formed  by  the  action  of  reagents  and  have  then  diffused  away 
through  the  capillaries  of  the  paper.  Frequently,  characteristic  spot  reactions 
can  be  made  directly  on  white  paper  through  this  type  of  filtration. 

The  precipitation  and  filtration  following  spot  reactions  on  paper  may 
not  be  applied  to  all  cases,  because  strongly  acidic  or  alkaline  solutions 
cannot  be  used,  nor  is  it  feasible  to  subject  reaction  mixtures  to  prolonged 
and  intensive  heating.  Neither  is  it  possible,  as  a  rule,  to  detect  and  isolate 
small  quantities  of  colorless  reaction  products  on  paper.  Consequently, 
other  means  must  be  employed  to  separate  solid  and  liquid  phases.  The 
choice  of  the  method  is  determined  by  the  particular  needs  of  the  moment. 

When  considerable  quantities  of  liquid  are  involved,  and  if  the  solid  or 
precipitate  is  of  no  further  interest,  a  portion  of  the  liquid  can  be  with¬ 
drawn  by  a  pipet  for  examination.  The  fine  constricted  end  of  the  pipet  is 
closed  with  a  wad  of  cotton  drawn  out  to  a  point.  If  the  suspension  is  sucked 
into  the  pipet,  the  liquid  which  arrives  in  the  tube  will  be  free  of  precipitate. 
The  pipet  will  deliver  a  perfectly  clear  liquid  if  the  tip  is  carefully  washed 
after  removing  the  cotton. 

A  useful  filter  pipet  5  is  shown  in  Fig.  15.  It  is  constructed  of  glass  tubing 

(6  mm  diameter).  A  rubber 


bulb  is  attached  to  the  short 


D 


F 


arm  A  ;  arm  B  is  ground  flat ; 
arm  C  is  drawn  out  to  a  fine 
F  capillary.  A  short  piece  of 
rubber  tubing  D  is  fitted  over 
In  the  top  of  B.  A  disk  of  filter 


Fig.  15.  Filtering  pipet  (actual  size) 


filter  paper  by  a  sharp  cork 
borer  or  hand  punch  and  is 
placed  on  the  flat  ground  sur¬ 
face  of  B.  Tube  F  is  placed 


on  the  paper,  which  is  held  in 
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position  with  the  bulb  uppermost  when  it  is  desired  to  discharge  drops  of 
the  filtered  liquid.  The  liquid  in  the  tip  is  forced  onto  the  spot  plate,  etc.,  by 
manipulating  the  bulb.  The  precipitate  on  the  paper  can  be  removed  for  any 
further  treatment  by  simply  sliding  the  rubber  tubing  D  over  the  arm  B. 

Another  method  of  filtration  employs  an  Emich  filter  stick,  fitted  into  a 
heavy  wall  suction  tube  by  means  of  a  rubber  stopper.  The  suction  tube 
contains  a  micro  test  tube  to  receive  the  filtrate  (Fig.  16).  The  filter  stick 
contains  a  small  asbestos  pad. 

Often  filtration  is  not  the  best  method  of  separating  solid  and  liquid 
phases.  Sedimentation  of  insoluble  materials  by  centrifuging  is  sometimes 
preferable.  In  addition  to  greater  speed,  this  procedure 

L  J  has  the  following  advantages:  no  retention  of  the  mother 

liquor  by  the  filtering  medium ;  the  precipitate,  freed  from 
most  of  its  moisture,  is  compressed  into  a  small  volume ; 
the  structure  of  the  solid  phase  (crystalline  or  amorphous) 
has  no  effect  on  the  sharp  separation  of  the  phases.  The 
receptacles  for  centrifuging  (centrifuge  tubes)  can  be  so 
chosen  for  size  that  the  isolation  of  minute  quantities 
of  precipitate  or  of  small  volumes  of  filtrate  can  be 
effectively  accomplished. 

A  micro  centrifuge  tube  is  shown  in  Fig.  17,  together 
with  a  glass  support.  This  arrangement  is  useful  for  heating 
or  evaporating  on  the  water  bath.  A  variety  of  centrifuge 
tubes  with  capacities  of  from  0.5  to  3  milliliters  should 
be  available. 

Centrifuge  tubes  are 
conveniently  supported 
on  a  rack  consisting  of  a 
wooden  block  provided 
with  9  to  12  holes,  evenly 
spaced  and  5/8  of  an  inch 
in  diameter,  1/2  inch 
deep.  Wide  selections  of  micro  centrifuges 
are  now  on  the  market.  Those  which  are 
driven  electrically  (1500  to  3000  r.p.m.)  are 
preferable  to  hand-operated  centrifuges. 

The  centrifuge  should  be  provided  with  a 
metal  shield  and  cover  to  protect  the 
operator.  Dangerous  vibration  of  the  in- 
strament  is  avoided  by  always  loading  the  carrier  equally.  This  is  done 
by  counterbalancing  the  tube  containing  the  sample  by  an  opposing  tube 


Fig.  16. 

Set-up  for  microfil¬ 
tration,  using  filter 
stick  and  suction 
(actual  size) 


Fig.  17. 

Microcentrifuge  tube  and  support 
(§  actual  size) 
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containing  an  equal  weight  of  water  or  an  approximately  equal  volume  of  the 
liquid  being  centrifuged.  The  cover  of  the  centrifuge  must  not  be  lifted  until 
the  rotor  has  come  to  rest. 

Precipitations  are  usually  made  in  conical  micro  centrifuge 
tubes.  The  precipitate  collects  at  the  bottom  of  the  tube  when 
the  suspension  is  centrifuged.  A  dropper  pipet  is  usually  used 
to  remove  the  supernatant  liquid  because  the  liquid  cannot 
conveniently  be  poured  off  directly.  A  dropper  pipet  suitable  for 
this  operation  can  be  made  easily  from  glass  tubing;  suggested 
dimensions  are  given  in  Fig.  13.  A  transfer  capillary  is  convenient 
for  removing  the  mother  liquid  or  centrifugate,  particularly 

from  smaller  tubes  (0.5  to  2  ml 
capacity).  The  pipet  is  made  of  glass 
tubing  (internal  diameter  about 
2  mm)  which  can  be  drawn  from  wider 
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bore— 
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Fig.  19. 
Stirrer  (glass) 
( J  actual  size) 


Fig.  18. 

Removing  supernatant 

liquid  from  a  centrifuge  9^^,  (J  Actual  size) 

tube  by  suction 
(J  actual  size) 

tubing.  The  length  is  20  to  25  centimeters.  One  end  is  drawn  to  a  tip  with 
a  fine  opening  by  heating  in  a  micro  flame.  The  correct  method  of  trans¬ 
ferring  the  liquid  to  the  capillary  pipet  is  made  evident  by  Fig.  18.  The 
centrifuge  tube  is  held  in  the  left  hand,  and  the  pipet  slowly  pushed  toward 

the  precipitate  so  that  the  point  of  the  capillary  always  remains  just  below 

the  surface  of  the  liquid.  This  is  continued  until  almost  the  entire  solut|°n 
!n  the  pipet  and  the  tip  is  about  1  millimeter  above  the  precipitate. 
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The  liquid  is  drained  from  the  pipet  into  a  clean,  dry  centrifuge  tube. 

Precipitates  are  washed  by  adding  the  wash  solution  directly  to  the  precipi¬ 
tate  in  the  centrifuge  tube  and  stirring  thoroughly  either  with  a  platinum 
wire  or  by  means  of  a  stirrer  (Fig.  19).  This  is  readily  constructed  from  a 
glass  rod.  The  suspension  is  then  centrifuged  and  the  clarified  liquid  removed 
with  the  aid  of  a  pipet  as  just  described.  This  operation  may  have  to  be 
repeated  two  or  three  times  to  insure  complete  washing. 

Centrifuge  tubes  are  cleaned  with  a  feather  or  a  small  test  tube  brush. 
The  tubes  are  filled  then  with  distilled  water  and  emptied  by  suction  using 
the  device  shown  in  Fig.  20.  After  the  suction  has  been  started  and  the  liquid 
drawn  out,  the  tube  is  filled  several  times  with  distilled  water  without 
removing  the  suction  device  between  emptyings.  Dropper  pipets  are  cleaned 
by  repeated  fillings  with  water;  the  bulb  and  tube  are  finally  separated  and 
both  rinsed  with  distilled  water  from  a  wash  bottle.  Transfer  capillary  pipets 
are  cleaned  by  blowing  a  stream  of  water  from  a  wash  bottle  through  them. 

Small  quantities  of  a  precipitate  can  be  collected  by  centrifuging  in  a 
micro  centrifuge  tube,  and  thus  made  more  visible  and  accessible  to  further 
treatment.  This  method  of  separating  solid  and  liquid  phases  can,  therefore, 
be  substituted  for  filtration  in  many  instances.  If  the  problem  is  merely 
the  detection  of  formation  of  minimal  quantities  of  precipitate  that  can 
produce  not  more  than  a  slight  opalescence  if  the  precipitate  is  colorless, 
it  is  frequently  necessary  to  centrifuge  for  considerable  periods  to  accomplish 
the  separation  of  the  finely  dispersed  solid  phase. 

In  some  instances,  a  separation  can  be  made  quickly  by  means  of  flotation. 
This  can  be  accomplished  by  shaking  a  suspension  with  an  organic  liquid 
that  is  not  miscible  with  water.  The  surface  tension  is  altered  and  the  fine 


particles  of  the  solid  aggregate  and  collect  as  a  thin  film  in  the  water-organic 
interface.  This  method  is  recommended  particularly  when  it  is  necessary  to 
detect  the  formation  of  a  precipitate  in  a  considerable  volume  of  solution 
after  a  reagent  has  been  added.  The  aggregation  and  localization  by  flotation 
or  shaking-out  succeeds  best  in  neutral  and  acidic  solutions.  This  treatment 
with  a  organic  solvent  is  conveniently  done  in  macro  or  micro  test  tubes 
provided  with  glass  stoppers. 

The  flotation  technique  described  above  finds  a  number  of  applications 
in  spot  test  work.  More  important  is  the  use  of  liquid-liquid  extractions  (and 
^quid-solid  ytractlons),  which  promise  to  become  a  very  important  means 
o  analytica1  separation.  Extraction  procedures  are  of  particular  interest 
because  they  offer  a  means  of  separation  comparable  in  efficiency  to  pre¬ 
cipitation  but  still  require  much  less  time  to  perform.  In  the  past  the 

Spfrat LnTf  °f  appllCatlons  of  extraction  techniques  was  found  in  the 
separation  of  organic  compounds.  While  organic  compounds  are  still  very 
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well  adaptable  to  separation  in  this  way,  it  is  important  to  note  that  many 
inorganic  substances  are  now  being  separated  by  liquid-liquid  extractions. 
In  some  cases  chelate  salts  are  formed  and  are  then  isolated  by  extraction; 
while,  in  many  other  instances,  inorganic  salts  themselves  are  selectively 
extracted  by  suitable  organic  liquids.  A  number  of  devices  are  available  for 
making  extractions.  Liquid-solid  extractions  can  be  accomplished  in  micro 
Soxhlet  extractors,  and  liquid-liquid  extractions  can  be  carried  out  in  small 
extraction  funnels  or  in  extraction  pipets.  A  very  convenient  extraction 
pipet  *  has  been  described  by  Carlton.8  The  pipet  consists  of  a  capillary 
tip  6  cm  long,  7  mm  outside  diameter,  and  1.8  mm  inside  diameter;  a  bulb 
blown  just  above  the  capillary  tip  4  cm  long,  1.15  cm  outside  diameter, 
and  about  2  to  3  ml  capacity.  An  upper  stem,  5  cm  long,  7  mm  outside  dia¬ 
meter,  and  5  mm  inside  diameter,  is  attached  to  the  upper  part  of  the  bulb 
and  a  rubber  bulb  of  10  ml  capacity  is  attached  to  the  upper  stem.  None  of 
the  dimensions  is  critical.  When  low  boiling  liquids  such  as  ether,  chloroform, 
carbon  tetrachloride,  or  carbon  disulfide  are  used  as  extractants,  a  capillary 
of  about  0.7  or  0.8  mm  bore  is  recommended.  Mixing  is  accomplished  by 
drawing  the  liquids  into  the  pipet  and  then  expelling  them,  repeating  the 
procedure  several  times.  By  using  a  rubber  bulb  of  considerably  greater 
capacity  than  the  pipet,  a  large  quantity  of  air  is  drawn  into  the  pipet  after 
the  liquids  have  been  drawn  up;  and  the  bubbling  of  this  air  through  the 
two  liquid  layers  provides  a  very  efficient  means  of  mixing.  When  thorough 
mixing  has  been  accomplished,  the  two  layers  are  permitted  to  separate  and 
then  the  rubber  bulb  is  squeezed  until  the  lower  phase  has  been  removed  from 
the  pipet.  By  means  of  this  device,  efficient  separations  of  many  substances 
can  be  carried  out  in  a  matter  of  10  to  20  seconds. 

Three  kinds  of  manipulation  with  gases  or  vapors  are  used  in  spot  test 
analysis.  Gases  (vapors)  are  employed  as  auxiliary  reagents  for  precipitation 
alkalization,  or  oxidation  of  solutions.  On  the  other  hand,  the  liberation  of 
small  quantities  of  gases  (vapors)  as  characteristic  products  which  can  be 
identified  by  subsequent  reactions  is  the  basis  of  certain  tests.  Finally, 
distillation  of  organic  liquids  may  be  an  essential  step  in  preparing  organic 
samples  for  testing.  The  apparatus  required  for  handling  gases  (vapors) 

is  determined  by  the  purpose  at  hand. 

Spot  reactions  on  paper  involving  the  action  of  gases  or  vapors (H2S,  NH3, 
halogens,  steam)  can  be  conducted  by  leading  the  gas  directly  from  he 
generator,  or  by  placing  a  strip  of  filter  paper  oyer  the  neck  of  an  open  flask 
filled  with  hydrogen  sulfide  water,  ammomum  hydroxide,  etc.  The  ste 
(Fig.  21)  can  be  used  as  a  gas  generator,  if  the  flask  is  filled  with 

•  These  extraction  pipets  are  commercially  available  from  the  E.  H.  Sargent  Company, 
Chicago,  Illinois. 
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hydrogen  sulfide  water,  bromine  water,  or  ammonia  water,  warmed,  and  the 

material  to  be  gassed  placed  on  the  side  arm. 

The  separation  of  certain  groups  of  metals  by  treating  the  acidic  or 
ammoniacal  solution  with  gaseous  hydrogen  sulfide  is  a  common  step  in 
chemical  analyses.  In  spot  test  analysis,  this  precipitation  can  be  accomplish¬ 
ed  by  saturating  a  small  volume  of  the  solution  with  hydrogen  sulfide  in  a 
micro  centrifuge  tube.  The  hydrogen  sulfide  is  admitted  through  a  fine 

capillary  to  prevent  loss  by  spattering.  The  delivery 
tube  is  made  by  drawing  out  6  mm  glass  tubing  to 
form  a  capillary  of  1  to  2  mm  bore  and  10  to  20  cm 
long.  A  plug  of  bleached  cotton  wool  is  inserted  in  the 
wide  part  of  the  tubing ;  then  the  capillary  end  is  heated 
in  a  micro  burner  and  drawn  down  to  a  finer  tube  of 
0.3  to  0.5  mm  bore  and  about  10  cm 
long.  Fig.  22  shows  the  complete 
arrangement.  The  fine  capillary 
delivers  a  stream  of  tiny  bubbles; 
consequently,  the  solution  does  not 
spatter  from  the  micro  centrifuge 
tube.  The  gas  must  be  started  through 
the  tube  before  plunging  the  end  of 
the  capillary  into  the  solution. 

Otherwise,  the  solution  will  rise  in 
the  capillary ;  and  when  the  hydrogen 
sulfide  is  admitted,  a  precipitate  will 
form  in  the  capillary  and  clog  it.  The  end  of  the  sulfide 
precipitation  can  be  easily  detected  through  an  increase 
in  the  size  of  the  rising  bubbles.  At  room  temperature, 
this  point  is  usually  reached  in  about  3  minutes. 

An  adequate  supply  of  various  types  of  special  apparatus 
of  small  capacity  must  be  kept  on  hand.  These  are  required 
for  the  liberation  of  volatile  compounds  after  decomposing 
small  quantities  of  solid  materials  or  solutions  with  acids 
or  alkalis.  An  apparatus  7  designed  for  the  detection  of 
carbonate,  sulfide,  etc.,  is  shown  in  Fig.  23.  It  consists 
of  a  micro  test  tube  of  about  1  milliliter  capacity  and 
can  be  closed  with  a  small  ground-glass  stopper  fused 
to  a  glass  knob.  The  gas  is  evolved  in  the  tube,  aided  if 
necessary  by  gentle  warming,  and  is  absorbed  by  the  reagent.  Since  the 
apparatus  is  closed,  no  gas  escapes;  and  if  enough  time  is  allowed,  it  is  ab¬ 
sorbed  quantitatively.  A  drop  of  water  may  replace  the  reagent  on  the  knob. 


Fig.  21. 

Apparatus  for  treating 
paper  with  gases  or 
vapors  (actual  size) 


Clamp 


Purified  cotton 
woo I 


\J 

Fig.  22. 

Set-up  for  precipi¬ 
tating  sulfides  by 
leading  in  hydrogen 
sulfide  ( J  actual  size) 


References  pp.  47-48 


40 


2 


SPOT  TEST  TECHNIQUES 

In  this  case  the  gas  is  dissolved,  and  the  drop  then  may  be  washed  onto  a 
spot  plate  or  into  a  micro  crucible  and  treated  there  with  the  reagent.  The 
apparatus  shown  in  big.  24  is  sometimes  preferable,  particularly  when  minute 
quantities  of  gas  are  involved.  The  tube  is  closed  by  a  rubber  stopper  and  the 
glass  tube,  blown  into  a  small  bulb  at  the  lower  end,  may  be  raised  or  lowered 
at  will.  A  change  of  color,  or  the  presence  of  reaction  products,  may  be  made 
more  distinct  by  filling  the  bulb  with  powdered  gypsum  or  magnesia.*  In 
some  cases,  it  may  be  desirable  to  suspend  a  small  strip  of  reagent  paper  from 
a  glass  hook  fused  to  the  stopper  (Fig.  25).  The  apparatus  shown  in  Fig.  26 


/^\ 


Apparatus  for  de¬ 
tecting  C02,  H2S, 
etc.  (actual  size) 


Fig.  24. 

Modifications  of  apparatus  shown 
in  Fig.  23,  especially  suitable  for 
detection  of  minute  quantities  of 
gas  (actual  size) 


of  gases,  with  provision 
for  suspending  a  reagent 
paper  (actual  size) 


is  used  when  a  particular  gas  is  to  be  identified  in  the  presence  of  other 
gases.  In  this  arrangement,  the  stopper  of  the  micro  test  tube  is  a  small 
glass  funnel,  and  the  impregnated  filter  paper  is  laid  across  it  to  absorb 
the  gas.  The  impregnated  paper  permits  the  passage  of  the  indifferent  gases 
and  retains  only  the  gas  to  be  detected.  The  latter  forms  a  nonvolatile 
compound  which  can  be  identified  by  a  subsequent  spot  test.  Another  use¬ 
ful  apparatus  (Fig.  27)  consists  of  a  micro  test  tube  containing  a  loosely 
fitting  glass  tube  narrowed  at  both  ends.  The  lower  end  is  filled  to  a  height 

*  According  to  a  suggestion  by  H.  Kappelmacher  (Vienna). 
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of  about  1  millimeter  with  an  appropriate  reagent  solution.  If  the  gas  evolved 
forms  a  colored  product  with  the  reagent,  it  can  be  seen  easily  in  the  capillary. 


Fig.  26. 

Apparatus  for  detecting 
a  gas  in  the  presence  of 
indifferent  gases 
(actual  size) 


Fig.  27. 

Apparatus  for  detecting  a 
gas  that  forms  a  colored 
product  with  the  reagent 
solution  (actual  size) 


Fig.  28. 

Apparatus  for  detecting  a 
gas  whose  release  requires 
high  temperatures 
(actual  size) 


A  simple  hard  glass  tube,  supported  in  a  circular  hole  in  an  asbestos  plate 
(Fig.  28),  can  be  used  if  high  temperature  or  ignition  is  required  to  free  the 


gas  The  open  end  of  the  tube  is  covered  with  a  small  piece  of  reagent  paper 
kept  in  place  by  a  glass  cap.  6  p  1 

Micro  distillation  is  sometimes  required;  the  chromyl  chloride  test  for 
chlonde  is  an  example.  Very  small  quantities  of  material  can  be  distilled 
he  apparatus  shown  in  Fig.  29.  A  micro  crucible  or  micro  centrifuge  tube 
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can  be  used  as  the  receiver.  For  most  applications  calling  for  distillation,  the 
apparatus  shown  in  Fig.  30  is  satisfactory.  Fractionation  can  be  accomplished 
by  heating  the  liquid  and  noting  the  rise  of  the  vapors  in  the  reflux  tube. 
As  the  vapors  rise  they  condense  as  rings  of  droplets  in  the  tube.  By  adjusting 
the  rate  of  rise  of  the  condensate  rings,  using  a  thumb  to  close  off  the  upper 
outlet,  various  fractions  can  be  collected  as  separate  samples. 

One  of  the  most  useful  methods  of  analytical  separation  is  that  of  chro¬ 
matography.  Chromatography  is  applied  when  a  solution  contains  several 
substances  which  can  be  adsorbed  on  a  given  adsorbent.  The  separation  is 
accomplished  by  passing  the  solution  through  a  column  of  the  adsorbent 
so  that  the  adsorbates  will  be  found  in  the  zones  or  bands  on  the  adsorption 
column.  The  substance  which  is  most  strongly  adsorbed  forms  a  band  at 
the  top  of  the  column.  Succeeding  bands  are  located  further  down  the  column 
their  position  being  determined  by  the  relative  strength  of  their  adsorption. 
If  the  various  constituents  separated  are  colored  substances,  the  respective 
bands  will  be  colored.  It  is  possible,  however,  to  separate  colorless  materials 
by  streaking  the  column  after  the  chromatogram  has  been  developed  and 
the  column  extruded  from  the  chromatographic  tube.  Of  particular  import¬ 
ance  is  the  fact  that  chromatographic  techniques  can  be  applied  to  the 


clllL/C  lo  LliC  lClV^L  cxicxu  ^  x  . 

separation  of  both  organic  and  inorganic  substances.  Also,  small  amounts  ot 
material  can  be  separated  in  this  manner;  and  in  many  cases,  separations  can 
be  effected  that  could  not  be  accomplished  with  other  techniques. 


Prnrpdnrf^  for  chromatographic  separations  cannot  be  given  here.  It  is 


reagent,  is  placed  between  these  two 
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when  the  proper  voltage  is  impressed  across  the  poles  brings  about  the 
development  of  a  print  locating  the  exact  position  of  the  metals  transferred 
from  the  surface  of  the  test  sample.  A  general  discussion  of  these  methods 
has  been  presented  by  Hermance  and  Wadlow. 10 

Various  types  of  apparatus  are  commercially  available  for  electrographic 


tests.  A  simple  apparatus  for  elec¬ 
trographic  work  is  shown  in  Fig.  31. 
It  consists  of  an  aluminum  plate 
as  the  negative  pole  on  which  is 
laid  first  a  layer  of  filter  paper 
moistened  with  potassium  chloride 
solution  and  then  the  reagent  paper 
moistened  with  water  or  acid.  A 
copper  plate  with  a  copper  rod 
soldered  to  it  serves  as  the  posi¬ 
tive  pole.  The  current  is  furnished 
by  a  1.5  volt  dry  cell  and  the 
potential  drop  across  the  elec- 


+ 


Fig.  31.  Electrographic  apparatus.  J 

potential 

trodes  can  be  controlled  by  a  simple  rheostat. 


4.  Special  Techniques 


The  majority  of  spot  test  reactions  result  in  the  formation  of  distinctive 
colors.  Quite  logically,  many  of  these  reactions  lend  themselves  to  colori¬ 
metric  analyses;  and  it  is  possible  to  adapt  such  color  reactions  to  special 
techniques  having  the  high  sensitivity  and  simplicity  common  to  spot  test 
procedures  in  general.  Such  methods  are  finding  wide  usage  in  industry 
where  an  estimate  of  quantities  is  desirable  and  some  sacrifices  in  accuracies 
can  be  made  in  favor  of  speed,  simplicity,  and  portability.  The  term  “spot 
colorimetry’’  has  been  suggested  for  this  type  of  technique  by  Tananaeff. 

Spot  colorimetry  can  be  performed  on  spot  plates,  or  the  tests  can  be  run 
on  filter  naDer.  The  use  nf  ™nfir,0u  _ j  i  TT  . 


on  hlter  paper.  The  use  of  confined  spots  as  introduced  by  H.  Yagoda  11 
has  proved  particularly  attractive.  Yagoda  described  the  urocess  for  im. 


advantage  that  very  often  standard  spots  can  be  preserved  i 
nent  standards.  Confined  spot  testing  can  be  run  with  rea< 
colored  solutions  and,  in  many  cases,  it  is  also  applicable  for 


on  rn nWH  ^  paper  hag  the 

spots  can  be  preserved  for  use  as  perma- 
ng  can  be  run  with  reactions  producing 


it  is  also  applicable  for  use  with  colored 
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spot  nephelometry.”  The  nephelometric  procedures  are  per¬ 
formed  on  black  spot  plates. 

Spot  reactions  on  paper  do  not  always  involve  the  union  of  a  drop  of  the 
test  solution  and  one  of  the  reagent.  Sometimes  filter  paper  is  impregnated 
with  the  proper  reagent  and  the  dry  reagent  paper  is  spotted  with  a  drop 
of  the  test  solution.  This  procedure,  which  assumes,  of  course,  the  availa¬ 
bility  of  stable  reagents,  has  the  advantage  that  there  is  no  mutual  dilution 
of  the  reagent  and  test  solution.  A  better  localization  and  visibility  of  the 
reaction  products  at  the  place  where  the  spot  has  formed  is  achieved,  as 
compared  with  the  result  of  bringing  two  drops  together.  A  still  better 
effect  is  obtained  by  impregnating  filter  paper  with  reagents  which  are  so 
slightly  soluble  in  water  that  no  bleeding  occurs  when  a  drop  of  the  test 
solution  strikes  the  paper.  Organic  reagents  which  are  only  slightly  soluble 
in  water,  but  which  dissolve  readily  in  alcohol  or  other  organic  solvents, 
have  this  advantageous  characteristic.  Slightly  soluble  compounds,  that 
can  be  precipitated  on  paper  and  in  its  capillaries  by  certain  chemical 
reactions,  can  also  be  used  in  this  way. 

Spotting  on  reagent  paper  impregnated  with  an  insoluble  compound 
involves  a  reaction  of  dissolved  materials  with  an  insoluble  reagent.  This 
procedure  cannot  be  used  in  macro  analysis  because  compact  materials, 
in  general,  react  too  slowly.  If,  however,  these  same  solids  are  finely  divided 
by  precipitation  in  the  capillaries  of  paper  and  thus  endowed  with  an  exten¬ 
sive  reactive  surface,  they  will  undergo  chemical  changes  almost  as  rapidly 
as  soluble  reagents.12  The  localization  of  characteristic  reaction  products, 
with  consequent  better  visibility  and  increase  in  the  sensitivity  of  the  test, 
is  not  the  sole  advantage  of  using  reagent  papers  impregnated  with  insoluble 
compounds.  In  many  cases,  a  highly  desirable  homogenizing  and  stabilizing 
can  be  accomplished  by  impregnating  filter  paper  with  insoluble  compounds 
which  then  behave  like  soluble  materials.  For  instance,  it  is  not  possible  to 
prepare  a  good  stable  alkali  sulfide  paper;  it  oxidizes  to  sulfate  too  rapidly 
and  furthermore  the  highly  soluble  alkali  sulfide  is  washed  away  when  the 
paper  is  spotted  with  an  aqueous  solution.  On  the  other  hand,  it  is  easy  to 
impregnate  filter  papers  with  slightly  soluble  sulfides  (ZnS,  CdS,  Sb2S3,  etc.). 
Such  papers  are  stable;  each  has  its  maximum  sulfide  ion  concentration 
(controlled  by  its  solubility  product)  and  hence  precipitates  only  those 
metallic  sulfides  whose  solubility  products  are  sufficiently  low  Antimony 
sulfide  paper  precipitates  only  silver,  copper,  or  mercury  in  the  presence 
of  lead,  cadmium,  tin,  iron,  nickel,  cobalt,  and  zinc.  Another  striking  ■ exam^e 
is  the  detection  of  iron  by  spotting  on  paper  impregnated  with  the  diffi¬ 
cultly  soluble  white  zinc  ferrocyanide.  In  this  form  the  test  is  ar  more 
sensitive  than  when  it  is  made  by  uniting  drops  of  a  ferric  solution  and  an 
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i  ferrocyanide,  or  by  spotting  on  potassium  ferrocyanide  paper.  The 
-  Ufc  ctiKif.  rhcin  71  nr  fprrnrva  nide  naner.  Conseouentlv.  if 


LniUe,  OI  Uy  Spoiling  Vll  puiaooiuai  x -  - 

latter  also  is  less  stable  than  zinc  ferrocyanide  paper.  Consequently,  . 
possible,  it  is  always  better  to  impregnate  filter  paper  with  “insoluble 
reagents  than  with  soluble  ones. 

It  is  easy  to  impregnate  filter  paper  with  reagents  that  are  soluble  in 
water  or  in  organic  solvents.  The  proper  solutions  are  prepared  in  beakers 
or  dishes  and  the  strips  of  filter  paper  are  bathed  in  them.  Care  must  be 
taken  that  the  strips  do  not  cling  to  the  sides  of  the  container,  that  they 
do  not  touch  each  other  or  stick  together,  because  this  may  prevent  a 
uniform  impregnation.  The  immersion  should  last  for  twenty  to  thirty 
minutes;  the  solution  should  be  stirred  quite  frequently,  or  the  vessel 
swirled,  to  produce  uniformity.  The  strips  are  taken  from  the  bath,  allowed 
to  drain,  pinned  to  a  cord  (stretched  horizontally)  and  allowed  to  dry  in  the  air. 

Instead  of  soaking  the  strips  in  the  solution,  reagents  can  be  sprayed  onto 
filter  paper.  The  atomizing  tip  shown  in  Fig.  32  is 
excellent  for  this  purpose.  The  impregnating  solution 
is  placed  in  a  wide  test  tube  which  is  then  closed 
with  the  atomizing  head.  The  paper  is  held  horizon¬ 
tally  and  the  spray  expelled  by  blowing  into  the 
apparatus.  The  paper  is  sprayed  first  on  one  side 
and  then  on  the  other. 

Filter  paper  is  impregnated  by  soaking  it  in 
the  appropriate  solutions  or  by  spraying  when  it  is 
desired  to  prepare  a  stock  of  reagent  papers.  The 
following  procedure13  is  recommended  for  single 
experiments  or  when,  for  special  reasons,  the  spot 
produced  by  a  drop  of  a  solution  must  be  dried 
before  adding  a  drop  of  the  other  reactant.  V-shaped 
strips  of  filter  paper  are  spotted  on  each  side,  taking 
care  that  the  spots  stay  in  the  center  of  the  strips  as 

nearly  as  possible.  The  strips  then  remain  so  stiff  Atomizer  head  for  spraying 
that  they  can  be  stood  on  the  table  and  allowed  rea®ents  (I  actual  size) 
to  dry.  The  impregnated  strips  are  cut  at  the  crease  before  they  are  used. 

omogeneous  impregnation  can  only  be  accomplished  through  gradual 
uniform  drying  on  all  sides.  If  paper  is  soaked  with  a  salt  solution  and  then 
dried  by  exposing  it  to  a  stream  of  heated  air  from  the  drying  apparatus 
he  rapid  evaporation  and  the  subsequent  capillary  diffusion  Lays  leads 
o  an  accumulation  on  the  side  of  the  paper  turned  toward  the  bias  This 

the  co rn  f  f Cted  ‘mmediately  in  the  of  colored  reagents  “e else 

blast  The  1  ‘i  r  mte(nse  0n  the  Side  °f  the  PaPer  turned  away  from  the 
blast.  The  localization  of  a  reagent  on  one  side  of  the  paper  is  an  advantage! 
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particularly  for  water-soluble  reagents,  because  it  is  desirable  to  have  the 
largest  possible  quantity  of  reagent  available  at  the  place  where  the  spot 
is  made  in  order  that  there  will  be  a  rapid  and  complete  reaction  with  the 
materials  in  the  test  drop. 

If  strips  of  filter  paper  are  dried  in  a  blast  of  hot  air,  they  should  either 
be  held  on  both  ends  with  forceps  or  laid  on  a  ribbed  porcelain  plate  at  such 
distance  from  the  hot  air  apparatus  that  the  current  of  warm  air  presses 
the  paper  against  the  porcelain  plate.  The  completion  of  the  drying  is 
determined  easily  because  the  paper,  which  while  moist  adhered  to  the 
plate,  now  rises  and  flutters  in  the  current  of  air. 

There  are  no  general  procedures  for  impregnating  filter  paper  with  com¬ 
pounds  produced  by  precipitation  on  and  in  the  paper.  As  a  rule,  the  strips 
are  soaked  with  the  solution  of  one  of  the  reactants,  dried,  and  then  immersed 
in  the  solution  of  the  appropriate  precipitant.  The  excess  reagents  are  then 


removed  by  washing  and  the  paper  dried.  If  this  method  is  used,  the  order 
in  which  the  solutions  are  applied,  as  well  as  their  concentrations,  makes  a 
difference.  The  best  conditions  must  always  be  determined  by  trial.  It  is  a 
general  rule  that  filter  paper  should  be  plunged  quickly  and  uniformly  into 
the  particular  reagent  solution  to  avoid  the  production  of  zones  (layers)  of 
different  concentrations.  When  highly  impregnated  reagent  papers  are  being 
prepared,  the  precipitation  of  a  difficultly  soluble  reaction  product  must 
never  be  attempted  by  a  single  treatment  with  concentrated  solutions. 
The  moistening  and  precipitation  must  be  carried  out  separately  with 
dilute  solutions,  and  the  reagent  paper  should  be  dried  between  the  successive 
individual  precipitations.  If  this  procedure  is  not  followed,  a  film  rather  than 
a  homogeneous  impregnation  will  result,  and  the  reagent  will  fall  off  the 
paper  after  it  is  either  washed  or  dried.  The  excess  liquid  is  removed  after 
each  phase  of  the  impregnation  by  passing  the  paper  through  a  small  wringer 
at  a  uniform  rate.  The  paper  is  best  washed  by  spreading  it  on  an  inclined 
glass  or  porcelain  plate.  The  spray  of  distilled  water  used  for  washing  is 
distributed  by  means  of  a  glass  tube  provided  with  a  number  of  opening  . 
In  case  the  product  precipitated  in  the  paper  is  not  particularly  insoluble 
is  best  to  wash  slightly  with  water  and  then  with  dilute  alcohol.  0 
heating  must  be  avoided  when  drying  the  paper;  as  a  rule,  60  to  80  . 

suffices  Sometimes  it  is  preferable  to  use  a  reagent,  if  possible,  in  the  gaseous 
form  (hydrogen  sulfide  for  precipitating  sulfides  or  ammonia  for  precipitating 
oxides)  rather  than  in  solution;  there  is  then  no  danger  of  washing  away  the 
precipitate  For  the  same  reason,  it  is  often  advantageous  first  to  form  an 
adherent  compound  which  ^nnotbew^olHhe  paper  an  ^  en^  ^ 

by  soaking  tte  paper  in  a  lead  salt  solution 
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followed  by  treatment  with  hydrogen  sulfide  water  or  gas— but  rather  by 
forming  zinc  sulfide  on  the  paper  and  converting  this  into  lead  sulfide  by 
bathing  in  a  solution  of  a  lead  salt.  Steigmann  “  has  developed  an  excellent 
method  for  impregnating  filter  paper  with  water-soluble  acid  organic  reagents. 


Table  1 

Recommended  Filter  Papers  for  Spot  Test  Use  * 


Manufacturer 

Designation 

Remarks 

Schleicher  and  Schiill . 

595 

Fast  absorption  rate 

Schleicher  and  Schiill . 

601  (German) 

Special  spot  test  paper 

Medium  absorption  rate 

Munktell . 

OK 

Medium  absorption  rate 

Whatman . 

50 

Slow  absorption  rate 

Whatman . 

120 

Special  spot  test  paper 

Fast  absorption  rate 

*  See  Ph.  W.  West  and  W.  C.  Hamilton,  Mikrochemie  ver.  Mikrochimica  Acta ,  38  (1951)  100. 


Dannenberg  15  has  recommended  that  inert,  powdered,  water-soluble  or 
insoluble  carriers  (silica,  starch,  sugar,  salts,  etc.)  be  moistened  with  solutions 
of  reagents  and  then  dried.  In  this  way,  stable  powder  mixtures  are  ob¬ 
tained,  which  can  be  used  in  spot  test  analysis  as  dry  reagents  in  place  of 
reagent  solutions.  They  often  are  better  than  the  latter  with  respect  to 
stability  and  economy. 

The  equipment  described  in  this  chapter  and  designed  originally  for 
inorganic  spot  test  analysis  can  also  be  used  for  all  spot  tests  hitherto 
recommended  for  organic  materials.  Semi-micro  and  micromethods  of  prepa¬ 
rative  organic  chemistry  are  needed  only  for  preliminary  separations  in 
special  cases,  or  for  the  previous  isolation  of  products  to  be  tested.  In  this 
connection  see  the  excellent  presentation  in  the  text  by  Chercnis  and 
Entrekin 16  and  also  the  instructive  papers  by  Albers 17  and  Hallet 18. 
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Chapter  j 

Preliminary  (Exploratory)  Tests 


Preliminary  tests  provide  reference  points  and  guiding  principles  which 
are  valuable  with  respect  to  the  chemical  analysis  of  mixtures.  Exploratory 
examination  is  especially  useful  in  the  analytical  study  of  organic  materials 
because  of  the  great  number  of  compounds  for  whose  detection  there  are 
no  systematic  schemes  of  analysis  such  as  are  available  in  inorganic  analysis. 
The  best  that  can  be  attained  in  the  case  of  mixtures  is  a  separation  of 
compounds  and  members  of  certain  types  of  compounds.  Means  to  this 
end  include  the  appraisal  of  solubility  characteristics  in  acids,  bases  and 
organic  liquids,  distillation  in  air  or  steam,  sublimation,  and  also  adsorptive 
separations  (chromatography).  Such  procedures,  as  preliminary  analytical 
measures  are  often  time-consuming,  they  are  not  always  applicable,  they 
frequently  are  not  entirely  reliable,  and  inevitably  involve  loss  of  material. 
In  addition,  the  number  of  analytically  useful  reactions  of  organic  com¬ 
pounds  is  still  quite  limited  and  consequently  relatively  few  specific  and 
selective  tests  for  such  compounds  are  available.  For  these  reasons,  every 
orientation  which  can  be  secured  rapidly  and  with  little  expenditure  of 
material  is  very  desirable  when  an  analytical  study  of  organic  materials  is 
being  conducted. 

Not  only  positive  but  also  negative  findings  are  informative  in  exploratory 
tests,  whose  objectives  are  to  learn  the  presence  of  certain  elements,  or  to 
discover  whether  acidic  or  basic  compounds  are  at  hand,  or  to  uncover 
special  solubility  characteristics,  etc.  The  latter  can  be  indicative  of  the  pre¬ 
sence  of  certain  compounds  and  members  of  certain  classes  of  compounds 
and  thus  relieve  the  analyst  of  the  necessity  of  making  special  tests,  which 
m  some  cases  can  be  troublesome.  For  instance,  if  a  simple  preliminary  test 
has  established  the  absence  of  nitrogen  there  is  no  need  to  test  for  nitroso- 
mtro-,  ammo-,  or  oxime  compounds,  etc.  Likewise,  if  sulfur  is  found  not  to 
be  present,  compounds  containing  SH-,  SO,H-,  or  SC-groups  are  certainly 

metak'  StT  n  ‘T  °f  °ther  gr0UpS  of  atoms  whid'  contain  non 

etals  or  metals  whose  absence  can  be  established  by  preliminary  tests 

Cons.derat.on  of  the  results  of  different  preliminary  tests  online  same  material 
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can  likewise  yield  important  clues.  For  instance,  if  one  preliminary  test  has 
established  the  presence  of  nitrogen  and  another  exploratory  test  has  proved 
the  sample  to  be  a  neutral  compound,  the  variety  of  nitrogenous  compounds 
that  need  to  be  considered  and  tested  for  is  considerably  reduced. 

The  analyst  is  by  no  means  always  required  to  furnish  exhaustive  infor¬ 
mation  regarding  the  kind  and  amount  of  all  the  constituents  contained  in 
organic  materials.  Frequently,  it  is  sufficient  to  know  whether  certain  ele¬ 
ments,  compounds,  or  members  of  certain  classes  of  compounds  can  be 
detected.  In  such  instances  a  preliminary  test  may  be  decisive  or  it  may 
provide  reliable  guides  for  the  choice  of  confirmatory  tests. 

The  following  sections  contain  descriptions  of  preliminary  tests  which 
can  be  carried  out  with  slight  amounts  of  materials  by  means  of  the  spot 
test  technique.  It  is  well  to  use  them  before  undertaking  the  tests  for 
functional  groups  discussed  in  Chapter  4. 


1.  Non-chemical  Proofs;  Combustion  Tests  and  Examination 

of  Ignition  Residues 

Every  chemical  examination  of  organic  substances  should  be  preceded 
by  several  gross  observations  as  to  the  homogeneity  of  the  material,  its 
color  and  odor.  If  the  sample  is  a  solid,  homogeneity  may  be  determined 
to  a  certain  extent  by  examining  a  fraction  of  a  milligram  with  a  magnifying 
glass  or  under  a  microscope.  The  heterogeneity  of  mixtures  of  colored  and 
colorless  constituents,  which  appear  homogeneous  to  the  naked  eye,  can 
often  be  revealed  under  magnification.  Similarly,  amorphous  ingredients  can 
be  distinguished  from  crystalline  constituents,  or  different  varieties  of 
crystals  can  be  differentiated  by  this  means.  If  the  optical  examination 
makes  it  probable  that  only  a  single  substance  is  at  hand,  it  is  advantageous 
to  attempt  to  determine  the  melting  point  of  the  sample,  provided  it  me  ts 
without  too  much  decomposition.  Should  the  first  portions  melt  at  a  temper¬ 
ature  considerably  lower  than  the  rest  of  the  sample,  there  is  great  probability 
that  a  mixture  is  at  hand.  If,  however,  the  sample  melts  uniform  y  i.e 
within  a  very  narrow  temperature  range,  a  portion  should  be  recrystalhzed 
from  a  suitable  solvent  and  the  determination  repeated  with  the  purifn 
material.  If  the  rise  in  melting  point  is  not  greater  than  1  the  material  may 
be  regarded  as  being  pure.  Melting  point  tables  should  then  be  consulted 
o  discover  what  compounds  have  the  observed  melting  point  There  is  no 
such  simple  method  of  so  considerably  limiting  the  number  o  po^btos 
when,  because  of  extensive  decomposition  it  is  not  possible  t 
a  satisfactory  melting  point.  With  respect  to  materials  that  cannot  be 
melted,  but  which  nevertheless  can  be  dissolved  in  water  or  organic  liquids. 
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there  is  a  possibility  of  testing  for  homogeneity  by  constructing  chromato¬ 
grams.  In  these,  the  constituents  of  the  solution  are  separated  adsorptively.* 

A  test  to  discover  whether  the  sample  or  one  of  its  ingredients  sublimes 
may  be  of  great  value  in  establishing  the  purity  of  the  material.  This  infor¬ 
mation  can  also  be  utilized  in  the  subsequent  chemical  examination  of  the 
sample.  Sublimation  tests  can  be  successfully  made  with  milligram  amounts 
of  the  sample  between  two  watch  glasses.  One  serves  as  the  heating  vessel ; 
the  other  (smaller)  watchglass  placed  on  it,  is  cooled  with  moist  filter  paper 
and  serves  as  condenser.  As  a  rule,  products  obtained  by  sublimation  are 
of  highest  purity.  Decisive  melting  point  determinations  can  be  conducted 
with  sublimates  and  also  chemical  tests,  including  spot  tests,  can  be  made. 

Color  and  odor  tests  provide  various  hints  as  to  the  nature  of  a  material 
under  examination  since  the  majority  of  organic  compounds  are  colorless 
and  without  odor.  A  yellow  color  indicates  nitro-,  nitroso-,  azo  compounds, 
quinones,  certain  dyes,  etc.  A  red,  blue  or  green  color  of  the  sample  may  be 
due  to  dyestuffs  and  certain  organometallic  compounds.  Examination  of 
the  sample  under  the  quartz  lamp  is  recommended,  whereby  fluorescence 
in  ultraviolet  light  is  revealed.  Some  organic  compounds  fluoresce  strongly 
in  daylight  or  in  ultraviolet.  While  daylight  fluorescence  is  comparatively 
rare  and  gives  valuable  indications,  no  decisive  significance  can  be  attached, 
m  general,  to  a  fluorescence  in  ultraviolet  light,  because  even  slight  admix¬ 
tures  or  contaminants  may  be  responsible  for  such  fluorescence.  In  some 
cases,  they  partially  quench  an  existing  fluorescence.  In  contrast,  great 
analytical  value  attaches  to  revelation  of  fluorescence  by  products  obtained 
by  sublimation.2 


Alcohols,  phenols,  mercaptans,  lower  fatty  acids  and  their  esters,  aldehydes , 
certain  amines,  etc.  have  characteristic  odors.  A  comoarisinn  nf  th*  J 
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picture  is  not  the  same  in  all  cases,  even  though  like  conditions  are  maintained 
with  respect  to  the  form  of  the  powder,  temperature  reached,  and  rate  of 
heating.  The  reason  is  that  combustion  involves  numerous  partial  processes 
such  as  dehydration,  thermal  cleavages,  reaction  of  water  that  is  split  off 
at  high  temperatures  and  is  therefore  superheated,  oxidation  processes  that 
proceed  slowly  or  rapidly,  etc.  Consequently,  various  items  of  information 
can  be  gleaned  by  carefully  noting  the  manner  in  which  the  sample  burns. 
The  most  important  aspects  are :  3 


Aromatic  compounds 
Lower  aliphatic  compounds 
Compounds  containing  oxygen 
Halogen  compounds 
Polyhalogen  compounds 


Sugars  and  proteins 


burn  with  a  smoky  flame 
burn  with  an  almost  non-smoky  flame 
burn  with  a  bluish  flame 
burn  with  a  smoky  flame 
in  general,  do  not  ignite  until  the  flame 
is  applied  directly  to  the  substance 
which  then  momentarily  renders  the 
flame  of  the  burner  smoky 
burn  with  characteristic  odor 


The  burning  test  is  conducted  conveniently  by  placing  fractions  of  a 
milligram  of  the  test  substance  on  an  inverted  porcelain  crucible  lid  or  in  a 
small  evaporating  dish  and  heating  slowly  with  a  small  flame.  If  no  explosion 
occurs,  the  experiment  is  repeated  with  1-3  mg  of  the  unknown,  and  note 
is  taken  of  fusion,  liberation  of  gases,  etc.  From  time  to  time,  the  flame  is 
applied  directly  to  the  top  of  the  substance  so  that  it  will  ignite  before 
it  volatilizes.  If  the  substances  carbonizes,  the  flame  is  increased,^  and 
finally  the  substance  is  heated  strongly.  Both  at  the  beginning  ot  the 
heating,  i.e.,  before  ignition  and  again,  later,  during  the  ignition,  a  test 
should  be  made  with  indicator  paper  to  learn  whether  acid  or  basic 
gases  are  being  evolved.  Acidic  gases  that  come  off  prior  to  the  igm  ion 
indicate  loosely  bound  halogen  hydracids.  If  acid  vapors  appear  only  on 
ignition,  they  are  due  to  halogens  which  were  bound  to  carbon  and  whic 
were  transformed  into  halogen  hydracid  during  the  thermal  decomposition. 
Basic  vapors  produced  during  the  ignition,  especially  ammonia,  on^ate  in 
organicaUy  bound  mtrogen.  In  addition,  the  external  picture  of  a  combustion 
^  its  more  or  less  rapid  occurrence,  can  yield  clues.  For  example,  the 
stubborn  persistance  of  carbon  is  always  an  indication  of  the  presence  or 
formation  of  mineral  substances,  which  in  fused  or  sintered  form  envelop 

In  conjunction  .  ,  an  jgnition-resistant  residue  is  left, 

traces  or  considerable  quant  .  determined  by  the  parti- 

— - — of 
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organic  materials  containing  metals  will  produce  a  residue  consisting  of  the 
carbonate  of  the  metal  in  question.  Tables  2  and  3  prove  that  this  state¬ 
ment  is  not  correct. 


Table  2 


Salts  of  carboxylic  acids,  phenols, 
nitro  compounds  and  oximes  with : 

Ignition  Residue 

Composition 

Solubility 

Water 

Dilute  Acetic  Acid 

Alkali  metals  including  thallium  . 

Carbonate 

+ 

+ 

Alkaline  earth  metals . 

Carbonate 

— 

+ 

and  (oxide) 

(  +  ) 

+ 

Other  bivalent  metals . 

Carbonate 

— 

+ 

and  oxide 

Aluminum  and  other  ter-  and 

quadrivalent  metals . 

Oxide 

— 

— 

Noble  metals . 

Metal 

— 

— 

Mercury . 

No  residue 

Table  3 

Salts  of  sulfonic 
acids  and  mercaptans 

Ignition  Residue 

Composition 

Solubility 

Water 

Dilute  Acetic  Acid 

Alkali  metals  including  thallium  . 

Alkaline  earth  metals . 

Other  bivalent  metals . 

Ter-  and  quadrivalent  metals  .  . 
Mercury  .... 

Sulfate 

Sulfate 

Sulfate 

Basic  sulfate 
No  residue 

+ 

—  or  ± 
+ 

+ 

—  or  ± 

+ 

± 

Besides  the  compounds  included  in  Tables  2  and  3,  the  following  organo- 
metallic  compounds  yield  carbonate-free  residues,  or  residues  which  contain 
carbonate  plus  other  metal  salts : 


Salts  of  organic  bases  with  metal  acids 
(molybdic,  tungstic,  phosphomolyb- 
dic  acid,  etc.) 

Salts  of  organic  derivatives  of  arsenic 
and  phosphoric  acid 
Stannous  and  stannic  salts  of  acid 
organic  compounds 


metal  acid  anhydride 
metal  arsenates  or  phosphates 
stannic  oxide 
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Salts  of  halogen-bearing  carboxylic 

acids,  phenols,  oximes,  etc.  metal  halides  (plus  carbonate) 

Addition  compounds  of  ignition-re¬ 
sistant  metal  halides  or  sulfates  with 

organic  bases  metal  halides  or  sulfates 

Only  in  exceptional  cases  should  complicated  mixtures  be  looked  for  when 
investigating  the  ignition  residues  of  burned  organic  or  organometallic  com¬ 
pounds.  As  a  rule,  the  range  of  inorganic  compounds  that  come  into  considera¬ 
tion  is  quite  limited.  The  examination  is  facilitated  still  more  by  the  fact 
that,  in  addition  to  oxides  and  carbonates,  only  sulfates,  phosphates,  arsenates 
and  perhaps  halogenates  of  metals  can  be  present.  Sometimes  it  is  sufficient 
to  establish  the  presence  of  certain  basic  compounds,  using  the  term  in  its 
broadest  sense,  i.e.  water-soluble  and  water-insoluble  materials  susceptible 
to  attack  by  acids.  The  following  procedures  are  suitable  for  this  purpose; 
they  can  be  carried  out  rapidly  with  minimal  quantities  of  material. 

The  ignition  residue  is  taken  up  in  a 
few  drops  of  water  and  centrifuged,  if 
necessary.  Alkaline  reaction  toward 
phenolphthalein  indicates  alkali  car¬ 
bonate  (alkaline  earth  oxide). 

The  ignition  residue  is  taken  up  in 
water,  centrifuged,  and  the  insoluble 
sediment  washed  with  water  until 
there  is  no  basic  response  to  phenol¬ 
phthalein.  After  pipetting  off  the 
water,  the  residue  is  dissolved  in 
several  drops  of  dilute  nitric  acid,  a 
drop  of  the  solution  is  transferred  to  a 
porcelain  microcrucible  and  taken  to 
dryness.  After  heating  to  350—400  for 
5-10  minutes,  the  cooled  residue  is 
treated  with  a  drop  of  1  %  solution  of 
diphenylamine  in  concentrated  sulfuric 
acid.  A  positive  response  to  this  nitrate 
test  (blue  color)  indicates  the  presence 
of  carbonates  or  oxides  of  bivalent 
metals.  The  procedure  can  also  serve 
to  show  the  presence  of  barium  carbon¬ 
ate  in  ignition  residues.  The  sulfate  test 
is  applied. 

If  i  and  II  have  proved  the  absence  of 
alkali  carbonate  and  also  of  carbonates 


I.  Test  for  alkali  carbonate  (in¬ 
cluding  thallous  carbonate)  and 
alkaline  earth  oxides. 

II.  Test  for  carbonates  and  oxides  of 
alkaline  earth  metals.  (This  test4 
utilizes  the  conversion  of  the 
oxides  and  carbonates  into  the 
respective  nitrates,  which  melt 
without  decomposition  at  about 
400°.) 


III.  Test  for  alumina  and  phosphates 
(arsenates)  of  bivalent  metals.  (The 
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non-chemical  proofs 
test  employs  nickel  dimethyl- 


glyoxime  equilibrium  solution  , 
which  reacts  with  insoluble  basic 
compounds5.) 


IV.  Test  for  magnesium  oxide  and 
of  alkali  carbonate.  (The  test 
utilizes  the  formation  of  fluo¬ 
rescing  oxinates6.) 


and  oxides  of  bivalent  metals,  a  color¬ 
less  water-insoluble  ignition  residue 
may  contain,  in  addition  to  BaS04, 
PbS04,  SiOa,  also  alumina  as  well  as 
phosphates  or  arsenates  of  aluminum 
and  the  bivalent  metals.  These  latter 
compounds  can  be  tested  for  by  spot¬ 
ting  the  residue  with  a  drop  of  “nickel 
dimethylglyoxime  equilibrium  so¬ 
lution".  The  precipitation  of  red  nickel 
dimethylglyoxime  indicates  alumina, 
phosphate,  etc.  (The  reagent  is  pre¬ 
pared  by  adding  1  %  alcoholic  di¬ 
methylglyoxime  solution  to  a  neutral 
nickel  salt  solution  and  filtering.) 
Alumina  can  be  separated  from  phos¬ 
phates,  etc.  by  digestion  with  very 
dilute  hydrochloric  acid  and  filtering. 
After  washing  the  insoluble  residue,  it 
is  ignited  gently  and  then  tested  with 
the  equilibrium  solution.  The  eva¬ 
poration  residue  of  the  filtrate  is  tested 
in  the  same  way. 

The  ignition  residue  is  suspended  in 
water  and  a  drop  placed  on  a  small  disk 
of  quantitative  filter  paper.  The 
spotted  paper  is  laid  on  a  porcelain 
crucible  containing  a  little  solid  8-hy- 
droxyquinoline  ‘‘(oxine)”.  The  vola¬ 
tilizing  oxine  produces  metal  oxinates 
which  fluoresce  intensely  yellow-green 
in  ultraviolet  light  (quartz  lamp).  The 
fluorescence  disappears  if  the  fleck  is 
held  over  acetic  acid  vapors,  because 
magnesium  and  calcium  oxinates  are 
soluble  in  acetic  acid.  If  the  fleck  does 
not  disappear  when  acted  on  by  acetic 
acid  vapors,  aluminum  oxinate,  formed 
from  alumina,  is  indicated. 


When  ignition  residues  are  to  be  systematically  tested  with  respect  to  the 
metals  present,  the  residue  must  be  brought  into  solution  by  treatment  with 
acid  or  by  fusion  with  alkali  bisulfate.  In  many  instances,  it  is  also  possible 
to  test  ignition  residues  directly  for  certain  metals  by  applying  selective 
and  sensitive  tests.  The  following  compilation  shows  typical  instances: 
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Antimonyv  oxide 

Diphenylbenzidine  (sulfuric  acid 

solution) 

Blue  color 

Barium  (strontium) 

Sodium  rhodizonate  (acetic  acid 

carbonate 

solution) 

Brown-red  color 

Lead  sulfate 

Sodium  rhodizonate  (acetic  acid 

solution) 

Red  color 

Chromium111  oxide 

Fusion  with  sodium  peroxide 

Yellow  color 

Noble  metals 

Phosphomolybdic  acid 

Blue  color 

Iron111  oxide 

Fusion  with  8-hydroxy  quinoline 

Black-green  color 

Manganese111  oxide 

Benzidine 

Blue  color 

Metal  phosphates 

Nitric  acid,  ammonium  molyb¬ 
date  solution,  benzidine,  am¬ 

monia 

Blue  color 

Molybdenum' 1  oxide 

Hydrochloric  acid  and  potas¬ 

sium  xanthate 

Violet  color 

Nickel11  oxide 

Dimethylglyoxime 

Red  color 

Titanium1'  oxide 

Chromotropic  acid 

Violet  color 

Zirconium  oxide 

Fusion  with  bisulfate  and  treat¬ 

ment  with  morin 

Fluorescence 

The  chemistry  of  the 

foregoing  tests,  the  details  of  the 

procedures  and  the 

attainable  limits  of  identification  can  be  found  in  Volume  I  of  this  text. 

2.  Identification  of  Elements  Bound  Directly  to  Carbon 

In  addition  to  hydrogen,  direct  binding  to  carbon  atoms  is  limited  almost 
exclusively  to  nonmetals.  The  latter  may  also  be  bound  indirectly  to  carbon, 
i.e.  though  the  agency  (interposition)  of  nonmetallic  atoms.  Direct  stable 
unions  between  metal  atoms  and  carbon  atoms  are  comparatively  rare. 
They  are  limited  to  metal  salts  of  acetylene  and  its  homologs  (metal  acety- 
lides  and  carbides),  and  to  mercury,  which  is  directly  bound  to  carbon  atoms 
in  numerous  aliphatic  and  aromatic  compounds.  The  great  majority  of  the 
so-called  metallo-organic  compounds,  that  are  presented  for  analytical 
investigation,  will  be:  normal  metal  salts  of  organic  acids;  salts  of  organic 
bases  of  metal  acids;  addition  compounds  of  metal  salts  of  inorganic  a 
organic  acids  with  organic  compounds;  adsorption  compounds  of  acid  and 
ha«ir  metal  oxvhvdrates  with  basic  and  acid  organic  compounds. 

1  The  fundamental  basis  of  all  tests  for  nonmetallic  and  metallic  elements 
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non-volatile  organic  material  is  preferentially  accomplis hed  dry 

bv  heating  with  calcium  oxide  or  magnesium  oxide  in  the  presence  01 
or  with  an  alkaline  oxidizing  mixture.  In  both  cases  ‘^e 
to  carbon  dioxide.  Reductive  decompositions  with  alkali  metal  fusions :  are 
also  available;  they  leave  the  carbon  in  the  elementary  condition,  or  par  y 
as  the  alkali  carbide.  In  special  cases,  organic  materials  can  be  successfully 
disintegrated  by  heating  with  molybdic  oxide,  silver  arsenate,  and  a  -a 
sulfite.  An  oxidative  decomposition  in  the  wet  way  can  be  accomplishe  y 
digestion  and  heating  with  concentrated  nitric  acid  (Canus  method)  or 
concentrated  sulfuric  acid  (Kjeldahl  method).  These  latter  two  methods, 
which  are  often  referred  to  (though  not  entirely  correctly)  as  "wet  com- 
bustions”,  are  especially  suitable  when  organometallic  compounds  are  to  be 
tested.  Sometimes  these  procedures  can  be  replaced  by  treating  the  test 
material  with  dilute  sulfuric  acid  containing  potassium  persulfate  and  some 
silver  nitrate  (see  page  83).  Direct  ignition  of  an  organic  material  is  per¬ 
missible  when  the  sample  is  to  be  tested  for  ash  and  accordingly  when 
searching  for  non-volatile  inorganic  constituents. 


3.  Carbon 

A  special  test  for  carbon  is  necessary  in  order  to  distinguish  between 
inorganic  and  organic  material  and  to  recognize  rapidly  the  presence  of 
organometallic  or  organic  compounds  as  contaminants  of  or  as  components 
of  mixtures  with  inorganic  compounds.  The  procedure  commonly  used  for 
this  purpose,  namely  to  set  fire  to  the  sample  in  the  air  and  then  to  note 
whether  glowing  occurs  or  whether  tar  is  formed,  is  reliable  only  when 
dealing  with  larger  amounts  of  organic  substances,  which  are  not  volatile 
or  which  are  not  sublimable  at  lower  temperatures.  It  should  also  be  noted 
that  organic  compounds  can  burn  without  glowing  or  producing  tar  if  con¬ 
siderable  proportions  of  materials  are  present  which  give  off  oxygen  (par¬ 
ticularly  higher  oxides),  and  that  certain  organometallic  compounds 
(oxalates,  acetates,  formates)  when  heated  slowly  decompose  without 
deposition  of  carbon.  The  detection  of  organic  compounds,  based  on  the 
detection  of  carbon  dioxide  formed  when  they  are  burned  with  oxygen, 
is  exceedingly  sensitive  when  the  test  is  conducted  on  the  micro  scale7,  but 
it  must  be  remembered  that  the  procedure  requires  complete  exclusion  of  air 
containing  carbon  dioxide,  and  also  that  inorganic  carbonates  yield  carbon 
dioxide  when  they  are  heated  strongly.  The  following  tests  avoid  these 
limitations,  but  in  the  form  given  here  the  procedures  are  admittedly  less 
sensitive  than  the  C02-test. 
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PRELIMINARY  (EXPLORATORY)  TESTS 
(2)  Test  by  ashing  with  molybdenum  trioxide  8 

If  organic  compounds,  of  any  nature  whatsoever,  are  mixed  with  bright 
yellow  molybdenum  trioxide  and  gradually  heated  (the  highest  temperature 
should  be  around  500  )  they  or  their  thermal  decomposition  products 
(including  any  free  carbon  that  may  have  been  formed)  are  oxidized  with 
concurrent  production  of  lower  molybdenum  oxides  (so-called  molybdenum 
blue).  Accordingly,  this  reaction  is  a  kind  of  total  combustion,  in  which 
the  heated  molybdenum  trioxide  acts  as  the  oxidant.  The  volatile  com¬ 
bustion  products  are  carbon  dioxide  and  water,  along  with  nitrous  oxide 
and  small  amounts  of  N02  when  nitrogenous  organic  compounds  are 
involved.  Organic  materials  containing  halogens  and  sulfur  appear  to  yield 
halogen  hydracid  and  sulfur  trioxide  on  oxidation  with  molybdic  anhydride. 

The  oxidation  of  elementary  carbon  can  be  represented: 

C  +  4  Mo03  ->  2  Mo205  +  C02 


When  this  test  is  used,  complete  absence  must  be  insured  of  other  compounds 
which  are  oxidizable  by  molybdenum  trioxide.  For  example,  anhydrous 
alkali  sulfite  or  arsenite,  under  the  conditions  of  the  test,  likewise  reduce 
molybdic  anhydride  to  molybdenum  blue,  which  indicates  that  the  reaction 
can  also  occur  as  a  solid-solid  reaction.  The  impairment  of  the  test  by 
oxidizable  inorganic  compounds  can  be  averted  by  evaporating  the  test 
material  to  dryness  several  times  with  hydrogen  peroxide.  Ammonium  salts 
may  not  be  present,  since  the  ammonia  gas,  which  they  evolve  when  they 
are  thermally  decomposed,  reacts  with  hot  molybdenum  trioxidc,  producing 
nitrogen,  water  and  molybdenum  blue : 

2  NH3  +  6  MoOs  -*  3  H20  +  N2  +  3  Mo2Os 


The  behavior  of  ammonia  proves  that  molybdic  anhydride  can  react 
with  solid  and  liquid  organic  materials  which  are  volatilized  even  at  lower 
temperatures.  In  fact,  even  ether,  acetone,  benzene,  etc.  can  bring  about 
the  production  of  molybdenum  blue  in  the  procedure  given  here. 


Procedure.  A  hard  glass  tube  (about  75  X  7  mm)  closed  at  one  end  is  used 
as  the  reaction  vessel.  A  small  quantity  of  the  solid  test  substance  is  introduced, 
“  a  drop  of  the  test  solution  is  evaporated  in  the  tube  at  110".  The  tube  is  then 
half  filled  with  finely  powdered  molybdenum  trioxide  and  connected  w,th  a 
pump  by  means  of  suction  tubing.  After  the  air  has  been  removed  tte  tube, 
clamped  at  an  angle,  is  heated  for  1-2  minutes  by  means  of  a  small  Bunsen  bur 
ner  inlch  manner  that  the  upper  portion  of  the  molybdenum  -d^s  heated 
first  and  then  the  lower  part.  If  carboniferous  material  is  P  «  ^  b  " 
appears  at  the  point  of  contact  with  the  light  yellow  molybdic  a^ydride^The 
size  and  color  intensity  of  the  blue  zone  varies  according  to  the  carbon  content 
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of  the  sample.  A  blank  test  should  be  run  when  traces  of  organic  material  are 
being  sought. 

This  ashing  procedure  with  molybdenum  trioxide  revealed. 

5  y  carbon  in  mannite  and  saccharose 
1  y  carbon  in  urea 
3  y  carbon  in  salicylic  acid 
8  y  carbon  in  citric  acid 


(2)  Test  through  reduction  of  silver  arsenate  to  elementary  silver  9 

Brown-red  silver  arsenate  remains  unchanged  when  heated  to  temperatures 
up  to  900°.  In  mixtures  with  organic  materials,  the  heating  produces  silver 
arsenite  initially.  This  reduction  is  due  to  a  topochemical  reaction  of  the 
silver  salt  with  thermal  decomposition  products  of  the  particular  organic 
substances.  Likewise,  any  free  carbon  that  may  have  been  produced  reacts : 

2  Ag3As04  +  C  -*  2  Ag3As03  +  C02  (2) 

Silver  arsenite  is  not  ignition-stable;  on  heating  it  undergoes  an  inner 
molecular  redox  reaction  to  produce  free  silver  and  silver  metarsenate: 

Ag3As03  -+  2  Ag°  +  AgAsOa  (2) 

Accordingly,  the  total  process  of  reduction  of  silver  arsenate  by  carbon 
(oxidizable  thermal  decomposition  products  of  organic  compounds  behave 
analogously)  can  be  schematically  represented  by  combining  (/)  with  (2) : 

2  Ag3As04  +  C  -*  2  AgAs03  +  COa  +  4  Ag°  (3) 

The  occurrence  of  redox  reaction  (3)  and  hence  the  presence  of  organic 
materials,  which  because  of  their  thermal  decomposition  reduce  silver 
arsenate  to  free  silver,  can  be  recognized  directly  by  a  dark  color  due  to 
finely  divided  metallic  silver,  if  considerable  quantities  of  the  latter  have 
been  formed.  Because  of  much  greater  sensitivity,  it  is  better  to  detect 
metallic  silver  through  its  reaction  with  a  hydrochloric  acid  solution  of 
phosphomolybdic  acid.  Silver  chloride  and  the  highly  tinctorial  hydrosol 
of  molybdenum  blue  result.  Small  amounts  of  molybdenum  blue  hydrosol 
can  be  extracted  from  the  aquous  phase  by  shaking  out  with  amyl  alcohol 
and  thus  made  more  discernible. 


, .  J'y  Ze:,  ‘iVT  m,lllgrams  of  Sllver  arsenate  is  mixed  in  a  micro  test  tube 
T  L  I  1  6  T  test  substance  or  with  the  aqueous  solution  to  be  tested 

!  C“e'.the  C°ntTts  of  the  test  tube  should  be  taken  to  dryness  at 

then  heaM  f  1S  CTred  W,th  aboUt  an  e<lual  quantity  of  silver  arsenate  and 
two  ofTh  n  £or  several  mmutes  over  a  microburner.  After  cooling,  a  drop  or 
two  of  a  hydrochloric  acid  solution  of  phosphomolybdic  acid  is  added  to  the  tZ 
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tube.  If  an  organic  substance  was  present,  a  blue  color  appears  at  once  or  after 
1-2  minutes.  The  intensity  of  the  color  obtained  depends  on  the  quantity  of 
oxidizable  carbon,  hydrogen,  etc.  in  the  sample.  A  blank  is  required  when  traces 
of  organic  matter  are  being  sought. 

Reagents:  1)  Silver  arsenate.  Preparation  by  action  of  sodium  arsenate  with 
silver  nitrate.  The  precipitate  should  be  collected  on  a  sintered 
glass  crucible  or  it  may  be  isolated  by  centrifuging.  The  product 
is  washed  thoroughly  and  then  dried  at  110°. 

2)  3  %  solution  of  phosphomolybdic  acid 10  in  hydrochloric  acid 

(1:1) 

The  procedure  revealed  5  y  carbon  in  mannite,  saccharin,  and  urea. 


(3)  Test  by  heating  with  potassium  iodate  11 

When  heated  to  its  melting  point  (560°),  potassium  iodate  evolves  oxygen 
and  leaves  potassium  iodide :  KI03  — >■  KI  +  30.  When  a  mixture  of  the  pow¬ 
dered  salt  and  non-volatile  organic  substances  is  heated,  the  decomposition 
or,  more  correctly,  the  production  of  potassium  iodide,  occurs  even  after  brief 
heating  to  300-400°.  The  extent  of  the  reduction  of  the  potassium  iodate 
depends  on  the  quantity  of  organic  material  present  and  the  length  of  the 
reaction  period.  Complete  reduction  is  possible  with  an  excess  of  organic 
material;  with  excess  potassium  iodate  a  mixture  of  iodate  and  iodide  always 
results.  Obviously,  hot  potassium  iodate  in  contact  with  organic  materials 
is  capable  of  oxidizing  their  carbon  and  hydrogen  to  carbon  dioxide  and 
water  with  concurrent  production  of  potassium  iodide.*  It  should  also  be 
kept  in  mind  that  the  material  fused  at  the  temperature  of  the  test,  or  its 
gaseous  or  molten  fission  products,  can  react  with  the  solid  potassium  iodate. 
An  essential  feature  of  the  analytical  employment  of  this  reaction  of  a  solid 
compound  is  the  production  of  potassium  iodide,  since  the  latter  reacts  with 
unchanged  potassium  iodate  to  produce  free  iodine  as  soon  as  mineral  acid 
is  added  to  the  mixture: 

5I-+  IO— 3  +  6H+-+3  HaO  +  3  I2 


Therefore  if  a  sample  is  mixed  with  excess  potassium  iodate  and  heated, 
and  the  cooled  mixture  then  acidified  with  sulfuric  acid,  a  liberation  of  iodine 
indicates  the  presence  of  non-volatile  organic  materials.  If  the  starch-iodine 
reaction  is  applied,  the  procedure  is  sufficiently  delicate  to  succeed  with  even 
very  small  quantities.  Inorganic  oxidizable  materials,  such  as  ammonium 
salts,  and  considerable  quantities  of  alkali  cyanide  must  be  absent.  Ammo- 

•  When  organic  compounds  containing  suHur  or  areemc  are  heated  mtop 
plus  alkali  carbonate,  alkali  sultate  or  arsenate  resu '  «  mtaced  below  their 

periodate,  chlorate  and  perchlorate  behave  analogously,  i.e.,  they 
decomposition  points  by  organic  compounds. 
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nium  salts  and  cyanides  can  be  removed  by  evaporating  the  test  material  with 
dilute  caustic  hydroxide  or  hydrochloric  acid  before  heating  with  potassium 
iodate.  Oxidizable  inorganic  compounds  (sulfides,  sulfites,  iron  (II)  oxide, 
etc.)  can  be  rendered  harmless  by  evaporating  the  finely  powdered  sample 
several  times  with  acidified  (HC1)  or  alkaline  hydrogen  peroxide  solution. 
The  presence  of  alkali  hydroxide  or  carbonate  does  not  interfere  with  the 
reduction  of  potassium  iodate  by  organic  materials. 


Procedure.  A  drop  of  the  test  solution  is  evaporated  to  dryness  in  a  small 
Pyrex  test  tube  (7  X  70  mm)  or  a  tiny  portion  of  the  solid  sample  is  taken.  After 
mixing  intimately  with  several  milligrams  of  finely  powdered  potassium  iodate, 
the  mixture  is  covered  with  potassium  iodate,  and  kept  for  about  five  minutes  in 
an  oven  heated  to  300-400°.  After  cooling,  the  residue  is  taken  up  in  sulfuric  acid 
and  tested  for  iodide  or  iodine  by  adding  starch  solution  or  by  shaking  with  chloro¬ 
form.  It  is  imperative  to  carry  out  a  blank  test  on  a  like  quantity  of  potassium 
iodate,  since  the  latter  frequently  carries  small  amounts  of  iodide.  The  test  tubes 
employed  should  be  ignited  briefly  before  making  the  test.  If  the  starch  reaction 
is  used  to  reveal  the  iodine,  the  starch  solution  should  be  added  before  making 
the  solution  acid,  since  the  presence  of  traces  of  iodide  is  essential  to  the  forma¬ 
tion  of  the  blue  starch-iodine  complex. 


Potassium  iodate  (highest  purity) 

2)  Sulfuric  acid  (1:1) 

3)  Starch  solution,  2  % 

gave  positive  results  with : 


Reagents:  1) 

2) 

3) 

The  procedure 

1  y  carbon  in  mannite 

3  y  carbon  in  salicylic  acid 
0.5  y  carbon  in  sebacic  acid 

2  y  carbon  in  citric  acid 

3  y  carbon  in  theobromine 

The  following 
ascertained  : 


1.5  y  carbon  in  saccharose 

2  y  carbon  in  sulfosalicylic  acid 

3  y  carbon  in  nitroalizarin 

3  y  carbon  in  benzoinoxime 

6  y  carbon  in  thionalide 

of  identification  were  not 


were  successfully  tested,  but  the  limits 


sodium  acetate 

nickel  dimethylglyoxime 

cobalt  (III)  a-nitroso-/?-naphthol 


aluminum  (Ca,  Mg)  oxinate 
zirconium  mandelate 
barium  rhodizonate 


4.  Hydrogen 


(1)  Test  by  heating  with  sodium  sulfite  12 

When  numerous  non-volatile  organic  compounds  containing  hydrogen  are 
ea  ed  gently  with  powdered  sodium  sulfite  (likewise  with  sodium  thiosulfate) 
hey  generate  hydrogen  sulfide.  The  latter  can  be  detected  by  reaction  with 
acetate  or  alkaline  sodium  mtroprusside  »  The  former  yields  black  lead 
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sulfide,  the  latter  soluble  violet  Na4[Fe(CN)5NOS].  At  present,  only  con¬ 
jectures  can  be  advanced  regarding  the  mechanism  of  the  formation  of  the 
hydrogen  sulfide.  As  the  following  list  of  compounds  tested  shows,  no  hy¬ 
drogen  sulfide  is  produced  when  sodium  sulfite  is  heated  with  solid  hydro¬ 
carbons  (naphthalene,  anthracene)  or  with  hydrocarbon  mixtures  (paraffine), 
whereas,  with  few  exceptions,  organic  compounds,  which  contain  hydrogen 
and  oxygen  do  produce  hydrogen  sulfide.  Therefore,  H2S-production  seems 
to  be  characteristic  of  organic  compounds  which  contain  both  hydrogen  and 
oxygen,  and  it  may  well  be  that  the  activity  of  certain  thermal  decomposition 
products,  including  water,  may  play  a  role. 

Since  elementary  carbon  invariably  is  left  when  organic  compounds  con¬ 
taining  oxygen  and  hydrogen  are  heated,  particularly  in  the  presence  of 
alkali  sulfite,  and  furthermore  water  produced  during  thermal  decomposition 
can  function  as  superheated  steam,  the  following  partial  reactions,  which 
lead  to  the  production  of  hydrogen  sulfide,  appear  probable: 

Na2S03  +  3  C  3  CO  +  Na2S 

Na2S  +  H20  ->  NazO  +  H2S 

It  should  be  noted  also  that  at  temperatures  above  600',  sodium  sulfite 
disproportionates: 14 

4  Na2S03  — >  Na2S  -f-  3  Na2S04 


This  disproportionation  may  occur  to  a  slight  extent  even  at  temperatures 
below  600°  and  furnish  reaction  products  on  which  carbon  and  superheated 
steam  could  act  to  produce  Na2S  or  H2S. 

Procedure.  The  material  to  be  tested  is  mixed  with  five  times  its  bulk  of  dry 
sodium  sulfite  and  heated  in  a  small  ignition  tube.  A  disk  of  filter  paper  impreg¬ 
nated  with  lead  acetate  or  sodium  nitroprusside  is  placed  across  the  mouth  of  the 
tube  The  heating  is  gradual.  A  light  brown  to  black,  or  a  pink  to  deep  violet  co  or 
develops,  the  intensity  depending  on  the  quantity  of  hydrogen  sulfide  evolved. 

The  following  compounds  were  tested : 16 

Positive  reaction:  paraformaldehyde;  chloraldehyde ;  dimet  y  amino  enza 
dehyde ;  glycerol ;  diacetyl ;  resorcinol ;  a-naphthol ;  m-cresol , 
tannin;  glucose;  malic  acid;  tartaric  acid;  citric  acid; 
stearic  acid ;  benzoic  acid ;  chlorobenzoic  acid ;  salicylic  acid ; 
sulfanilic  acid ;  barbituric  acid ;  calcium  acetate ;  acetanilide , 
sulfonal ;  alanine;  acridine;  caffeine;  theobromine;  quinine 

Negative  reaction .-napMMene;  anthracene;  paraffine;  ethyl  alcohol;  methyl 
alcohol;  phthalic  anhydride;  urea 

Reagents:  1)  Sodium  sulfite  (anhydrous) 

2)  1  %  solution  of  lead  acetate 

a)  2  %  solution  of  sodium  nitroprusside  (freshly  prepared) 
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( 2 )  Test  by  reaction  with  fused  potassium  thiocyanate  150 

When  a  fusion  of  potassium  thiocyanate  (m.p.  173-179°)  is  heated  to  about 
430°,  it  turns  blue;  after  cooling  the  color  disappears  15b.  This  is  probably 
due  to  the  splitting-off  of  sulphur,  which  remains  in  highly  dispersed  colloidal 
form  16C  in  the  molten  potassium  thiocyanate  and  which  again  forms  potas¬ 
sium  thiocyanate  on  cooling: 

KCNS  ^  KCN  +  S°  (7) 


There  is  also  the  possibility  of  an  equilibrium  between  potassium  thiocyanate 
and  the  isomeric  potassium  isothiocyanate : 

N— C— S— K  ^  S=C=N — K  (2) 


Whichever  explanation  of  the  color  change  holds,  the  interesting  fact  re¬ 
mains  that  sulfur  dispersed  in  molten  potassium  thiocyanate  is  highly  reactive 
and  able  to  enter  reactions  which  are  not  realisable  in  aqueous  solutions  of 
potassium  thiocyanate.  Among  such  reactions  is  the  formation  of  Ag2S  with 
metallic  silver ;  the  formation  of  N a2S203  with  N a2S03 ;  the  conversion  of  metal 
oxides  and  sulfates  (even  PbS04)  into  the  corresponding  metallic  sulfides ; 
the  partial  reduction  of  Nb205  to  Nb203  15d,  etc.  The  enhanced  reactivity  of 
sulfur  in  molten  potassium  thiocyanate  can  be  observed  also  towards  non¬ 
volatile  organic  compounds.  When  such  compounds  are  added  to  melted 
potassium  thiocyanate  or  if  they  are  heated  together,  there  is  rapid  product¬ 
ion  of  hydrogen  sulfide.  Frequently  this  effect  occurs  even  at  temperatures 
below  400°,  i.e.  in  still  colorless  melts  of  potassium  thiocyanate,  an  obser¬ 
vation  which  proves  that  the  sulfur  is  activated  in  the  fused  salt  even  before 
reactions  ( 1 )  and  ( 2 )  can  be  observed  with  the  naked  eye.  In  the  case  of  com¬ 
pounds  containing  hydrogen  and  oxygen,  it  seems  plausible  that  water  is 
split  off  and  acts,  at  the  temperature  of  its  formation,  i.e.,  as  superheated 
steam,  on  the  activated  potassium  thiocyanate: 


KCNS  +  H20  -*  KCNO  +  H2S 

This  mechanism  seems  to  be  valid  for  carbohydrates,  tannins,  gallic  acid, 
pyrogallol,  etc. 

It  is  interesting  that  in  the  case  of  oxalic  acid  the  splitting-off  according 
to  H2C204  -*  CO  +  C02  -f  H20  in  molten  potassium  thiocyanate  goes  so  far 
that  mg  quantities  of  oxalic  acid  react  easily.  The  fact  that  succinic  acid  and 
m+aJ0lc  ^Cld’  whlch  m  mixture  with  potassium  thiocyanate  liberate  H2S 
at  200  ,  shows  that  anhydrisation  of  organic  compounds  without  further 

desmtegration  of  the  molecules  may  also  be  considered  in  connection  with 
the  formation  of  hydrogen  sulfide. 
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Another  reaction  scheme  whereby  hydrogen  sulfide  is  formed  may  be  the 
following :  in  certain  organic  compounds  oxygen  atoms  can  be  replaced  by 
sulfur  atoms,  to  produce  compounds  which  in  their  turn,  decompose  and  split 
off  hydrogen  sulfide  when  heated  with  potassium  thiocyanate.  This  would 
explain  the  behaviour  of  urea  and  its  derivatives,  which  react  with  potas¬ 
sium  thiocyanate,  but  are  inactive  when  Test  1  is  applied.  See  page  205. 

It  is  noteworthy  that  activated  sulfur  in  potassium  thiocyanate  has  a 
dehydrogenating  effect  on  organic  compounds,  when  the  fusion  temperature 
is  raised  over  400°.  Under  this  condition,  even  paraffine  forms  hydrogen  sulfide. 

The  enhanced  reactivity  of  sulfur  in  molten  potassium  thiocyanate  can  be 
used  for  detection  of  hydrogen  in  organic  compounds.  The  following  test  is 
reliable,  when  the  formation  of  hydrogen  sulfide  occurs  rapidly  at  tempera¬ 
tures  below  400°.  At  high  temperatures,  molten  potassium  thiocyanate  pro¬ 
duces  a  little  hydrogen  sulfide,  probably  by  contact  with  the  water  vapor  in 
the  air. 

Procedure.  One  drop  of  the  test  solution  is  evaporated  to  dryness  in  a  micro 
test  tube  and  held  at  1 10°  for  a  short  time.  Alternatively,  a  little  of  the  solid  may 
be  tested.  An  excess  of  well  dried  potassium  thiocyanate  is  then  added  and  the 
mixture  heated  to  about  200-300°  in  an  oil  bath.  Filter  paper  moistened  with  lead 
acetate  solution  is  kept  over  the  open  end  of  the  test  tube.  A  black  fleck  appears 
if  the  organic  material  contained  hydrogen. 

Reagents:  1 )  Potassium  thiocyanate  (pulverized  and  dried  at  110°) 

2)  10  %  solution  of  lead  acetate 

This  procedure  is  not  highly  sensitive.  Nevertheless,  amounts  of  about 
500  y  of  sugars,  oxalic  acid  and  succinic  acid,  as  well  as  50  y  of  urea,  give  a 
positive  response. 

It  is  noteworthy  that  Na2SO4T0H2O,  as  well  as  Na2C03-H20  develop  hy¬ 
drogen  sulfide  w’hen  added  to  fused  potassium  thiocyanate,  whereas  the  an¬ 
hydrous  sodium  salts  do  not  react 15e.  It  seems  therefore  that  water  of  crys¬ 
tallization  may  be  detected  in  this  way.  Whether  this  method  is  also  valid 
for  detection  of  water  of  crystallization  in  organic  compounds,  has  not  been 
thoroughly  tested  as  yet. 


16 


5.  Halogens 

(1)  Test  by  conversion  into  copper  halide  (Beilstein  test J 

Organic  compounds  which  contain  hydrogen  and  halogens  (chlorine 
bromine,  iodine,  or  also  cyanogen  and  thiocyanate  groups)  are  decomposed 
on  ignition  with  production  of  the  corresponding  hydrogen  halide.  If  the 

.  L.  Rosenthaler,  Z.  anal.  Chen..  108  (1937)  22  states  that  phosgene  (COC«  and  COBr,  are 
also  produced. 
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sample  is  mixed  with  copper  oxide  and  then  heated,  copper  halide  is  formed 
along  with  carbon  dioxide  and  water.  The  copper  halide  gives  a  characteristic 
green  or  blue-green  color  to  a  non-luminous  gas  flame.  This  reaction  is  given 
by  all  classes  of  organic  compounds  containing  halogen,  but  it  must  be 
noted  that  certain  halogen-free  substances  containing  nitrogen  17  also  give 
a  positive  response  in  the  Beilstein  test)  hydroxyquinoline,  thiourea,  and 
substituted  pyridines  are  pertinent  instances.  This  is  due  to  the  formation  of 
HCN,  HCNO  or  HCNS,  whose  copper  salts  likewise  color  the  flame.  Organic 
compounds  containing  fluorine  do  not  respond  to  the  Beilstein  test  because 
copper  fluoride  is  not  volatile. 

Procedure.  A  piece  of  copper  wire,  about  1  mm  thick,  is  fused  into  a  glass 
rod,  and  the  end  of  the  copper  wire  beaten  out  to  form  a  spatula  2  to  3  mm  wide. 
The  spatula  is  heated  in  the  oxidizing  flame  and  is  thus  coated  with  copper  oxide. 
Such  spatulas  may  be  kept  on  hand.  In  order  to  test  for  halogen,  a  little  of  the 
powdered  sample  is  placed  on  the  spatula,  or  a  drop  of  a  solution  (which  should 
contain  no  inorganic  halogen  compound)  is  gently  evaporated  to  dryness.  The 
charged  copper  wire  is  then  heated  fairly  strongly  in  the  nonluminous  flame  of  a 
Bunsen  burner  (first  in  the  inner  zone  and  then  in  the  lower  part  of  the  outer 
zone).  A  blue  or  green  color  appears  in  the  flame,  and  lasts  for  a  time  varying 
with  the  halogen  content.  The  yellow  flame  due  to  sodium  is  seen  almost  always, 
particularly  at  the  start.  It  may  hide  the  green.  This  interference  can  be  elimi¬ 
nated  by  viewing  the  flame  through  a  cobalt  glass. 

It  is  better  still  to  use  a  platinum  spatula.  A  little  copper  oxide  is  mixed  with 
the  solid,  liquid  or  dissolved  sample  and  then  heated  on  the  tip  of  the  spatula, 
which  has  been  ignited  beforehand. 

Halogen  was  detected  in  the  following  amounts : 


0.5  y  chloronitrobenzene 
0.25  y  eosin . 


0.25  y  iodoeosin 


{2)  Test  by  conversion  of  chlorine,  bromine  and  iodine  into  silver  halide  18 


In  the  test  for  carbon  described  on  page  59,  the  solid  sample  is  heated 
with  silver  arsenate.  This  reaction  converts  organically  bound  chlorine 
bromine  or  iodine  into  acid-resistant  silver  chloride,  bromide  or  iodide! 
Cyanide  and  thiocyanate  groups  do  not  follow  this  pattern  because  silver 
cyanide  and  silver  thiocyanate,  if  they  are  formed,  are  not  ignition-proof 
On  strong  heating,  silver  cyanide  yields  free  silver,  and  silver  thinrv.n^ 
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Procedure.  A  little  of  the  powdered  sample  is  placed  in  a  small  hard  glass 
tube  whose  end  is  blown  out  to  a  bulb.  If  the  sample  is  in  solution,  a  drop  is 
evaporated  to  dryness  in  the  tube.  This  is  best  done  under  slightly  reduced  pres¬ 
sure  by  connecting  the  tube  to  a  suction  pump.  An  excess  of  powdered  silver 
arsenate  is  then  introduced  and  the  tube  is  heated.  After  cooling,  1-3  drops  of 
nitric  acid  is  added  and  the  tube  is  heated  in  a  water  bath.  Metallic  silver  and 
silver  arsenate  go  into  solution,  and  silver  halide  (AgCl,  AgBr,  Agl)  remain, 
producing  a  turbidity  or  a  precipitate  according  to  the  quantity  of  halogen  in 
the  sample. 

Reagents:  1 )  Silver  arsenate  (preparation,  see  page  60) 

2)  Nitric  acid  (1  :  2) 


(3)  Differentiation  of  aliphatic  and  aromatic  bound  halogens 

As  pointed  out  under  ( 1 ),  the  Beilstein  test  will  reveal  halogens  (with  the 
exception  of  fluorine)  and  the  halogen-like  radicals  CN  and  CNS  in  all  types 
of  organic  (and  inorganic)  binding.  The  same  holds  true  of  the  test  given 
under  (2)  for  organically  bound  chlorine,  bromine  and  iodine.  Aliphatic  and 
aromatic  bound  halogen,  i.e.,  alkyl  and  aryl  halogen,  can  be  differentiated 
by  applying  the  fact  that  only  the  former  is  split  off  by  alkali  hydroxide 
with  production  of  alkali  halide.  A  better  method  is  to  heat  the  sample  for 
about  two  minutes  with  monoethanolamine,  CH2OHCH2NH2  ,19  The  latter 
is  not  only  a  strong  base  but,  as  an  amino  alcohol,  it  has  considerable 
miscibility  with,  or  solvent  power  for  many  organic  compounds.  After  any 
turbidity  is  removed  by  adding  alcohol,  the  ethanolamine  halide  formed  in 

the  reaction 

RHal  +  CH2OHCH2NH3OH  ROH  +  CH2OHCH2NH3Hal 


can  be  detected  by  precipitation  with  silver  nitrate. 

The  following  odor  test  likewise  is  based  on  the  ready  mobility  of  aliphatic 
bound  halogen.  The  alcoholic  test  solution  is  treated  with  several  drops  of 
alkali  hydrosulfide  solution  prepared  by  bubbling  hydrogen  sulfide  into  a 
1  %  solution  of  sodium  or  potassium  hydroxide  until  the  pH  reaches  a 
value  of  about  8.  The  reaction  with  the  test  solution :  RHal  +  NaH^ 
RSH  +  NaHal  occurs  on  standing  at  room  temperature  or  on  slight 
warming.  Even  small  quantities  of  the  resulting  thioalcohols  (mercaptans) 
in  the  lower  members  of  the  series  (up  to  8  carbon  atoms)  have  a  disagreeable 
penetrating  odor,  which  makes  their  detection  easy.  The  higher  mercaptans 
smell  more  like  the  respective  alcohols.  Aryl  halides  react  with  ^kali  hydro- 
sulfide  in  an  analogous  manner,  but  only  after  prolonged  boding.  The  odors 
of  the  thiophenols  are  similar  to  those  of  the  mercaptans. 

Finally,  it  should  be  pointed  out  that  alcoholic  solutions  of  alkyl  bromides 
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and  iodides  react  with  a  saturated  alcoholic  solution  of  silver  nitrate  to 
produce  alkyl  nitrate  and  a  precipitate  of  silver  bromide  or  iodide: 


RHal  +  AgN03  -*  AgHal  +  RONQ2  • 


All  of  the  preceding  tests  can  be  carried  out  in  micro  test  tubes  with  slight 
quantities  of  the  solid  test  substance  or  several  drops  of  its  solution. 


(4)  Test  for  fluorine  by  conversion  into  alkali  fluoride 

The  Beilstein  test  for  halogens  (page  64)  in  organic  compounds  is  not 
suitable  for  the  detection  of  fluorine,  since  copper  fluoride,  in  contrast  to  the 
other  copper  halides,  is  not  volatile. 

On  heating  non-volatile  organic  compounds  with  metallic  sodium  or 
potassium,  any  fluorine  present  is  converted  into  alkali  fluoride. 

Fluorides  can  be  detected  with  high  sensitivity  through  their  reaction 
with  “zirconium  alizarinate’’  This  test  20  (see  Vol.  I,  page  252)  is  based  on 
the  fact  that  in  mineral  acid  solution,  soluble  zirconium  salts  yield  a  red- 
violet  color  on  treatment  with  alizarin  ([inner  complex  Zr  (Aliz)4])  and  that 
this  color  changes  to  yellow  (color  of  acid  alizarin  solution)  on  the  addition  of 
excess  fluoride  because  of  the  production  of  complex  zirconium  hexafluoride 
ions.  The  reaction  can  be  represented: 


Zr+*  +  4  Aliz-  Zr(Aliz)4 

Zr(Aliz)4  +  6  F-  ->  [ZrF6]-2  -f  4  Aliz~ 

red-violet  yellow 

/CO\  /OH 
Aliz  =  H4C8  CsH4 

\co/  \o- 


The  zirconium  alizarinate  does  not  correspond  precisely  to  an  inner  com¬ 
plex  zirconium  salt  of  alizarin ;  rather  it  is  the  hydrosol  of  a  violet  zirconium- 
alizarin  lake,  i.e.,  an  adsorption  compound  of  hydrolysis  products  of  aqueous 
zirconium  salt  solutions  with  alizarin.21 


Procedure  22.  A  few  mg  of  the  sample  are  taken,  or  a  drop  of  the  solution  is 
evaporated  to  dryness  in  a  small  ignition  tube.  The  evaporation  is  accomplished 
best  by  heating  while  the  tube  is  attached  to  a  suction  pump.  A  piece  of  potassium 
the  size  of  a  millet  seed  is  added.  The  tube  is  heated,  gently  at  first,  and  then 
strongly  for  1  minute.  The  molten  metal  thus  comes  into  intimate  contact  with 
the  sample.  After  cooling,  0.5  ml  water  is  placed  in  the  tube  and  a  few  drops  of 
a  strongly  acid  (hydrochloric)  zirconium-alizarin  solution.  It  is  not  necessary  to 
er  off  particles  of  carbon.  In  the  presence  of  fluorine,  the  red  color  of  the'zir- 
comum  solution  fades,  and  the  yellow  color  of  the  free  alizarin  appears 

Instead  of  melting  with  potassium,  the  sample  can  be  ignited  with  calcium 
oxide  or  magnesium  oxide.  The  calcium  (magnesium)  fluoride  in  the  residue  can 
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be  tested  with  zirconium  alizarinate  (as  just  described).  The  ignition  with  calcium 
(magnesium)  oxide  is,  however,  more  cumbersome  than  the  conversion  into 
potassium  fluoride. 

Reagents:  1)  Metallic  potassium 

2)  Zirconium-alizarin  solution.  Commercial  zirconium  oxide  (Zr02) 
is  warmed  with  dilute  hydrochloric  acid  and  filtered  from  any 
insoluble  matter.  The  solution  should  contain  about  0.5  mg 
zirconium  in  1  ml.  Several  ml  of  the  zirconium  solution  is  treated 
with  a  slight  excess  of  an  alcoholic  solution  of  alizarin.  The 
excess  alizarin  may  be  recognized  by  extracting  a  portion  of  the 
solution  with  ether,  which  becomes  yellow. 

By  means  of  this  reaction  fluorine  was  detected  in : 

200  y  acetofluoroglucose  C14H1909F 
200  y  lactosyl  fluoride  C12H21O10F 
100  y  /3-fluoronaphthalene  C10H7F 
100  y  o-fluorobenzoic  acid  C7H502F 


(5)  Test  for  fluorine  by  conversion  into  hydrofluoric  acid 

Vapors  of  hydrogen  fluoride  released  from  metal  fluorides  by  heating  with 
concentrated  sulfuric  acid  roughen  glass  surfaces  as  indicated  by  a  more  or  less 
intense  frosting.  Small  quantities  of  hydrofluoric  acid  which  do  not  produce 
a  visible  etching  may  nevertheless  change  the  glass  surface  sufficiently  so 
that  it  is  no  longer  wetted  by  concentrated  sulfuric  acid.  The  acid  no  longer 
runs  off  smoothly  but  collects  in  drops  like  water  on  an  oily  hydrophobic 
surface.23  This  effect  is  due  to  a  surface  reaction  between  the  silica  of  the 
glass  and  hydrofluoric  acid,  the  concentrated  sulfuric  acid  functioning  as 

a  dehydrating  agent  (see  Volume  I,  page  256): 

+  h2so4 

[SiOJ*  +  2  HF  <  [Si02)I_1  •  OSiF2]  +  H20 


This  schematic  equation  24  is  intended  to  show  that  the  surface  reaction 
leads  to  a  silicon-fluorine  binding,  in  which  the  silicon  atoms  do  not  leave 
their  original  phase  association.  Surface  reactions  without  formation  o 
reaction  products  as  independent  phases  are  the  essential  feature  of  a 


chemical  adsorption.  a 

The  non-wetting  effect  based  on  the  chemical  adsorption  of  hydrofluoric 

acid  on  glass  can  be  utilized  for  the  detection  of  fluorine  in  non-volatile 
organic  compounds.  It  is  necessary  to  convert  the  fluorine  bound  to  carbon 
into  hydrogen  fluoride.  For  some  non-volatile  fluoriferous  organic  compounds 
it  is  merely  necessary  to  warm  the  sample  with  concentrated  sulfunc  acid 
since  its  dehydrating  and  oxidative  action  ruptures  the  carbon  skeleton  and 
hydrogen  fluoride  is  formed.  A  more  reliable  procedure  is  to  ignite  the 
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material  with  calcium  oxide;  calcium  fluoride  results.  The  hydrogen  fluoride 
is  then  released  from  the  ignition  residue  by  concentrated  sulfuric  acid,  lo 
improve  the  visibility  of  the  adsorption  effect  of  the  hydrofluoric  acid,  it  is 
better  to  use  sulfuric  acid  which  contains  some  chromic  acid. 

Procedure  26.  The  solid  test  substance  is  mixed  with  several  milligrams  of 
calcium  oxide  in  a  small  pyrex  test  tube  (capacity  about  5  ml) .  Alternatively,  a 
drop  of  the  test  solution  is  added  to  the  calcium  oxide  and  taken  to  dryness.  The 
mixture  is  then  ignited,  starting  the  heating  at  the  top  and  gradually  advancing 
to  the  bottom  of  the  tube.  The  cooled  residue  is  treated  with  0.5  ml  of  chromic- 
sulfuric  acid  and  heated,  either  over  a  free  flame  or  for  10  minutes  in  a  water 
bath.  The  presence  of  fluorine  is  revealed  by  the  uneven  wetting  of  the  walls 
when  the  tube  is  shaken ;  the  picture  is  reminiscent  of  an  oily  surface. 


Reagents:  1)  Calcium  oxide 

2)  Chromic-sulfuric  acid.  1  g  potassium  chromate  in  100  ml  con¬ 
centrated  sulfuric  acid. 


This  test  revealed  fluorine  in: 

CH 


50  y  N-Trifluoro-acetyl-p-toluidine 


NHCOCFj 

12.5  y  a-Hydroxy-a-trifluoromethyl  propionic  acid 

CH3 


CFj-C-OH 


COOH 


CF. 


25  y  m-Acetamidobenzotrifluoride 


' — NHCOCH 


CF. 


40  y  Tosyl-m-hydroxybenzotrifluoride 


CF3 

20  y  Trifluoromethylbenzoic  acid 

—COOH 

50  y  Perfluoro(dicyclohexylethane)  C6F11CF2CF2C6F 


2^0  r  n 
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6.  Sulfur 


( 1 )  Test  by  fusion  with  alkali  metals  (Lassaigne's  test) 

When  non-volatile  organic  sulfur  compounds  are  heated  with  metallic 
sodium  or  potassium,  alkali  sulfide  is  formed  along  with  carbon  and  other 
reduction  products.  This  treatment  involves  redox  reactions  of  a  molten 
alkali  metal  with  the  solid  organic  compound  and  its  solid,  liquid  or  gaseous 
thermal  decomposition  products.27 

A  sensitive  test  for  the  sulfide  produced  by  the  alkali  metal  fusion  is 
provided  by  its  catalytic  effect  on  the  reaction 


2  NaN3  +  I2  -v  2  Nal  +  3  N2 


This  reaction  is  normally  so  sluggish  that  a  yellow  or  brown  solution  of 
alkali  azide  and  alkali  polyiodide  remains  practically  unchanged  even  after 
months  of  standing.  The  addition  of  traces  of  a  soluble  sulfide,  or  contact 
with  insoluble  metal  sulfides  (even  acid-resistant  HgS,  As2S3,  PbS,  etc.), 
initiates  the  reaction  immediately  and  brings  it  to  a  swift  conclusion  as  can 
be  seen  by  a  fading  or  complete  discharge  of  the  color  of  the  solution,  or 
still  better  by  the  production  of  free  nitrogen  which  is  evolved  as  small 
bubbles.  Consequently,  sulfides  can  be  detected  through  their  catalytic 
acceleration  of  the  iodine- azide  reaction  (compare  Volume  I,  page  280)  and 
also  the  direct  detection  of  C=S  and  C — SH  groups  by  means  of  the  iodine- 
azide  reaction,  page  164). 28 

The  detection  of  sulfides  produced  by  the  fusion  of  organic  compounds 
with  an  alkali  metal  requires  the  preparation  of  an  acetic  acid  solution  of  the 
fusion  residue.  Any  evolution  of  hydrogen  sulfide  from  the  acid  solution 
can  be  prevented  by  the  addition  of  cadmium  acetate. 


Procedure  29.  A  very  little  of  the  powdered  sample  is  placed  in  a  small  hard 
glass  tube  with  the  end  blown  out  to  a  bulb.  If  a  solution  is  used  a  microdrop 
fs  evaporated  to  dryness  in  the  tube.  (This  is  best  done  under  slightly  reduced 
pressure  by  connecting  the  tube  to  a  suction  pump.)  A  small  piece  of  potassium 
(size  of  a  pin  head)  is  introduced  on  a  small  glass  rod,  and  any  samp  e  on  the  walls 
of  the  tube  can  be  stroked  down  with  the  potassium.  The  tube  is  then  carefully 
heated  starting  from  the  open  end,  until  the  potassium  is  melted  and  has  mixed 
with  the  sample.  Finally,  the  tube  is  heated  for  a  short  time  to  re^" 
ed  at  once  into  a  micro  test  tube  containing  5  drops  of  water.  Without  troubling 
to  filter  off  the  particles  of  glass  and  carbon,  1  drop  of  cadmium  acetate,  then  1  or 
2  drops  of  acetic  acid  are  added  and,  when  cold,  1  or  2  drops  ^  10dme-azide  so¬ 
lution  If  a  sulfur  compound  is  present,  bubbles  of  nitrogen  can  be  seen. 
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Reagents :  1 )  Metallic  potassium 

2)  20  %  cadmium  acetate  solution 

3)  20  %  acetic  acid  .  ,  . 

4)  Sodium  azide-iodine  solution.  3  g  sodium  azide  is  dissolved  in 

100  ml  0.1  N  iodine  solution.  The  reagent  is  stable. 

Using  this  procedure  sulfur  was  detected  in. 

0.3  y  thiourea,  CS(NH2)2 
1  2  y  sulfanilic  acid,  C6H4(NH2)S03H 

CO 

1.2  y  isatin  potassium  sulfonate,  K03S,C6H3<^^.j^^>CO 


1.2  y  H-acid,  C10H4(OH)  (NH2)  (S03H)2 
1  y  sulfosalicylic  acid,  C6H3(0H)(C00H)S03H 


(2)  Test  by  reduction  to  sulfide  in  an  alcohol  flame  30 

Sulfur  in  difficultly  volatile  organic  compounds  can  easily  be  converted 
into  alkali  sulfide  by  fusing  with  potassium  hydroxide  in  the  reducing  portion 
of  an  alcohol  flame.  The  resulting  potassium  sulfide  is  conveniently  detected 
by  the  iodine-azide  reaction.  The  following  procedure  is  about  ten  times  as 
sensitive  as  the  Lassaigne  test. 

Procedure.  The  end  of  a  piece  of  thin  copper  wire  (0. 1-0.2  mm)  is  cleaned  by 
rubbing  with  emery  paper  to  remove  sulfide  and  washed  with  distilled  water. 
The  clean  end  of  the  wire  is  dipped  into  a  saturated  solution  of  potassium  hy¬ 
droxide  in  water  and  cautiously  passed  into  the  flame  of  an  alcohol  lamp  to 
evaporate  the  water  and  to  obtain  a  small  bead  of  molten  potassium  hydroxide 
at  or  near  the  end  of  the  wire.  If  the  bead  does  not  form  at  the  tip,  the  wire  beyond 
the  bead  may  be  cut  off.  After  breathing  on  the  bead,  it  is  touched  to  the  sub¬ 
stance  to  be  tested,  so  that  a  little  of  the  latter  adheres  to  the  alkali.  Then  the 
bead  is  introduced  into  the  flame,  moving  it  slowly  into  the  reducing  zone  and 
after  a  few  seconds  it  is  allowed  to  cool  near  the  wick.  The  end  of  the  wire  is  cut 
off,  placed  on  a  slide,  treated  with  a  drop  of  iodine-azide  solution  and  observed 
under  the  microscope.  If  not  less  than  0.03  y  sulfur  is  present,  the  evolution  of  gas 
is  general  and  quite  vigorous,  so  that  the  positive  result  can  be  plainly  distin¬ 
guished  from  that  given  by  the  blank.  The  latter  sometimes  gives  small  gas  bub¬ 
bles  at  single  scattered  places  on  the  wire.  These  obviously  are  due  to  sulfide  in¬ 
clusions  in  the  copper.  A  general  uniform  evolution  of  gas  is  never  observed  when 
the  KOH  bead  in  the  blank  dissolves. 


(3)  Test  by  formation  of  silver  sulfide  from  volatile  compounds  31 

The  tests  described  under  1  and  2,  which  are  based  on  the  production  of 
alkali  sulfide,  cannot  be  applied  successfully  to  volatile  organic  compounds. 
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If,  however,  sulfur-bearing  materials  are  pyrolysed  in  small  capillary  tubes, 
whose  inner  walls  have  been  silvered,  the  action  of  the  hot  decomposition 
products  produces  silver  sulfide.  Since  the  latter  catalyzes  the  iodine-azide 
reaction  just  as  soluble  sulfides  do,  an  extremely  sentitive  test  for  sulfur  in 
easily  volatile  organic  compounds  becomes  possible. 

Procedure.  The  sample  is  reduced  with  metallic  silver  in  a  capillary  tube. 
Ordinary  glass  tubing  is  drawn  down  into  0.5-1  mm.  capillaries.  These  are  filled 
with  AgN03-NH3-tartrate-Na0H  solution  and  allowed  to  stand  overnight.  After 
rinsing  with  water,  the  tubes  are  dried  by  warming  and  drawing  air  through 
them.  The  tubes  are  then  drawn  out  to  6  to  8  cm.  so  that  the  ends  are  as  thin  as 
paper.  The  closed  tubes  can  be  kept  on  hand  indefinitely.  A  tube  is  prepared  for 
use  by  breaking  off  the  very  fine  point  and  allowing  a  droplet  of  the  sample  to 
enter.  Solid  samples  are  fused,  or  dissolved  in  the  smallest  possible  volume  of  a 
solvent  that  has  been  tested  to  insure  the  abscence  of  sulfur.  The  capillary  is 
closed  by  touching  the  tip  momentarily  to  the  flame.  A  zone  about  2  cm.  from  the 
end  is  heated.  When  it  becomes  hot,  the  capillary  bends  so  that  the  sample 
approaches  the  flame,  volatilizes,  and  is  reduced  in  the  superheated  zone.  At  this 
instant,  a  light  snap  is  heard.  After  cooling,  the  tip  is  broken  off  and  a  drop  of 
iodine-azide  solution  is  allowed  to  enter.  The  reaction  is  observed  under  the  mi¬ 
croscope.  As  little  as  0.05  y  sulfur  gives  a  vigorous  reaction. 


7.  Nitrogen 


(1)  Test  by  ignition  with  calcium  oxide  (lime  test) 

When  organic  compounds  containing  nitrogen  are  ignited  with  lime, 
ammonia  is  formed.  Filter  paper  moistened  with  silver  nitrate-manganese 
nitrate  can  be  used  to  detect  the  resulting  gaseous  ammonia.32  On  contact 
with  ammonia,  a  grey  or  black  fleck  appears  on  the  white  paper.  The  stain 
is  due  to  a  mixture  of  free  silver  and  manganese  dioxide,  resulting  from 

the  reactions: 

4  NH3  -f  4  H20^±  4  NHjOH  ->  4  NH4+  -f  4  OH~ 

2  Ag+  -1-  Mn+2  +  4  OH-  2  Ag°  +  MnOz  +  2  H20 


The  test  can  be  intensified  still  more  by  utilizing  the  fact,  employed  in  the 
detection  of  manganese  (see  Volume  I.  P- 167)  that  when  benzidine  is  oxidized 
by  MnO.,  the  highly  colored  meriquinoidal  derivative  is  this  base  name  y 
benzidine  blue,  results  (Vol.  I,  p.  68).  If  the  sample  is  heated  with  lime  in  a 
hard  glass  tube  and  a  piece  of  filter  paper  impregnated  with  the  reagent 
solution  is  laid  over  the  open  end,  it  often  happens  that  substances  which 
contain  no  nitrogen  also  cause  a  darkening  of  the  paper.  1  Ins  is  due  to 
formation  of  pyro-compounds  during  the  incomplete  combustion  of  the 
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organic  compound.  This  interference  with  the  test  can  be  avoided  if  a  little 
manganese  dioxide  is  mixed  with  the  lime;  the  evolution  of  oxygen  on 
heating  to  redness  ensures  complete  combustion.  A  little  of  the  ammonia  may 
be  oxidized  in  this  case,  but  since  the  test  for  ammonia  is  very  sensitive  this 


loss  is  of  no  importance. 

Procedure  33.  A  trace  of  the  sample  is  mixed  in  a  small  hard  glass  tube  with  a 
mixture  of  lime  and  manganese  dioxide.  Alternatively,  a  drop  of  the  test  solution 
is  evaporated  to  dryness  in  the  tube  (this  is  best  done  under  reduced  pressure 
using  the  suction  pump).  The  residue  is  then  mixed  with  the  lime  and  manganese 
dioxide.  The  open  end  of  the  tube  is  covered  with  a  piece  of  filter  paper  moistened 
in  the  reagent  solution,  the  glass  stopper  is  put  in  place,  and  the  tube  is  slowly 
heated  to  redness.  A  black  or  gray  stain  appears  on  the  reagent  paper,  according 
to  the  amount  of  nitrogen  present.  The  stain  immediately  turns  blue  on  spotting 
with  benzidine. 

Reagents:  1 )  A  mixture  of  ignited  lime  and  manganese  dioxide  (10  :  1) 

2)  Manganese  nitrate-silver  nitrate  solution.  2.87  g  Mn(N03)2  is 


dissolved  in  40  ml  water  and  filtered.  To  this  is  added  a  solution 
of  3.35  g  AgNOa  in  40  ml  water,  and  the  mixture  diluted  to  100 
ml.  In  order  to  neutralize  the  acid  formed  by  hydrolysis,  dilute 
alkali  is  added,  drop  by  drop,  until  a  black  precipitate  is  formed; 
this  is  filtered  off.  The  reagent  solution  thus  prepared  will  keep 
if  stored  in  a  dark  bottle. 

3)  Benzidine  solution:  0.05  g  benzidine  base  or  hydrochloride 
dissolved  in  10  ml  acetic  acid,  diluted  to  100  ml  with  water  and 
filtered 


Nitrogen  was  revealed  in: 

2  V  sulfanilic  acid,  C6H4(NH2)S03H 

1  y  ^-nitrosophenol,  C6H4(OH)NO 

2  y  l-nitroso-2-naphthol,  C10H6(OH)NO 

3  y  l-ammo-8-naphthol-3,6-disulfonic  acid  (H-acid)  C10H4(OH)(NH,)(SO3H)2 
3  y  codeine  hydrochloride,  C18H2103N-HC1 

(2)  Test  by  fusion  with  alkali  metals  ( Lassaigne’s  test ) 


volatile  hydrocyanic  acid  comes  into  contact  with 


acetates.36 


copper  and  benzidine 


is  converted  to  alkali  cyanide  also  by 
)onate  and  1  part  magnesium  powder. 
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The  color  reaction  is  based  on  the  ability  of  prussic  acid  to  disturb  the 
equilibrium  of  the  redox  reaction : 

Bzd  Cu1  +  Bzd-blue 


Bzd-blue  *’  = 


Bzd 


•  HX 


X  =  univalent  acid  radical 


Normally,  this  equilibrium  is  so  situated  that  the  amount  of  the  meriqui- 
noidal  benzidine  blue  is  not  discernible.  However,  as  a  result  of  the  marked 
tendency  of  Cu1  to  form  [Cu2(CN)2]~2  ions,  Cu+  ions  are  removed  from  the 
equilibrium  and  thus  significant  amounts  of  benzidine  blue  can  be  formed. 
In  other  words,  the  oxidation  potential  of  Cu11  is  raised. 

Procedure  38.  A  small  amount  of  the  solid  sample,  or  a  drop  of  the  test  solu¬ 
tion,  is  placed  in  a  glass  capillary  with  one  end  enlarged  to  a  bulb.  Liquid  samples 
are  taken  to  dryness  in  the  tube.  A  clean,  dry  piece  of  metallic  potassium  is  added 
with  the  aid  of  a  small  glass  rod.  The  tube  is  heated,  starting  at  the  open  end, 
until  finally  the  potassium  in  the  bulb  melts  and  mixes  intimately  with  the  sam¬ 
ple.  The  bulb  is  then  briefly  heated  to  redness,  and  placed  while  still  hot  in  the 
bulb  of  the  apparatus  described  on  page  41  (Fig.  26)  which  contains  5  drops  of 
distilled  water.  The  tube  breaks  on  touching  the  water.  Two  drops  of  acetic  acid 
are  added  without  filtering  off  the  particles  of  glass  and  carbon.  The  funnel  stop¬ 
per  is  replaced  and  covered  with  a  piece  of  filter  paper  impregnated  with  copper 
acetate-benzidine  acetate.  When  large  amounts  of  nitrogen  are  present,  and 
consequently  a  large  amount  of  hydrocyanic  acid,  a  blue  color  forms  at  once.  For 
small  amounts,  the  contents  of  the  apparatus  must  be  heated  to  boiling  with  a 
microburner  before  the  color  appears.  The  reagent  paper  must  be  kept  moist  all 
the  time,  by  adding  a  drop  of  water  when  necessary. 

Reagents:  1)  Metallic  potassium 

2)  30  %  acetic  acid 

3)  Copper  acetate-benzidine  acetate  solution.  The  solutions  of 

copper  acetate  and  benzidine  acetate  are  best  stored  separately 
in  well-stoppered,  dark  bottles,  and  the  reagent  prepared 
freshly  each  time  it  is  needed  (the  mixture  of  acetates  will  not 
keep  longer  than  2  weeks).  The  reagent  is  prepared  from:  Solu¬ 
tion  (I)  2.86  g  copper  acetate  in  a  liter  of  water.  Solution  (  ) 

675  ml  of  a  solution  of  benzidine  acetate,  saturated  at  room 
temperature,  and  525  ml  water.  Solution  (I)  and  (II)  are  mixed 
in  equal  volumes  to  form  the  prussic  acid  reagent. 
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Nitrogen  was  detected  in: 

6  y  />-nitrophenol,  C6H4(0H)N02 
6y  ^-nitrosophenol,  C6H4(OH)NO 
6  y  o-nitrobenzaldehyde,  C6H4(CH0)N02 
12  y  a-nitroso-^-naphthol,  C10H6(OH)NO 
4  y  azobenzene,  C6H5N  =  NC6H5 
12  y  codeine  hydrochloride,  C18H2103N  HC1 

See  page  76  regarding  modification  of  the  test  for  compounds  containing 
sulfur  as  well  as  nitrogen. 

The  alkali  cyanide  produced  from  non-volatile  nitrogenous  organic  com¬ 
pounds  when  the  latter  are  fused  with  alkali  metals  can  be  detected  by  the 
action  of  cyanide  ion  on  the  yellow  cuprous  salt  of  mercapto  phenylthio- 
thiodiazolone.39  Colorless  water-insoluble  cuprous  cyanide  and  colorless 
mercaptan  result : 

CjH6 — N - N  C6H5 — N - N 

+  CN-  — >  CuCN  +. 

SC  C— S— Cu  SC  N—  S- 

\s/  \s/ 


This  reaction  is  not  interfered  with  by  any  alkali-hydroxide,  chloride, 
bromide,  iodide,  thiocyanate  or  cyanate  which  may  be  present.  Only  the 
alkali  sulfide  produced  by  the  alkali  metal  fusion  of  sulfur-bearing  organic 
compounds  reacts  with  the  cupromercaptan ;  it  forms  black  cuprous  sulfide. 
Consequently,  the  test  must  be  modified  somewhat  when  dealing  with  samp¬ 
les  containing  sulfur  compounds  (see  below). 

Procedure.  The  alkali  metal  fusion  is  conducted  as  described  on  page  74. 
The  cooled  residue  is  taken  up  in  as  little  water  as  possible  and  the  carbon  par¬ 
ticles  are  removed  by  centrifuging  or  filtering.  A  drop  of  the  colorless  alkaline 
solution  is  placed  in  a  depression  of  a  spot  plate  and  a  drop  of  the  cupromercaptan 
suspension  is  added.  Discharge  of  the  yellow  color  indicates  cyanide  and  there¬ 
fore  nitrogen  in  the  organic  compound  being  tested. 

Reagent:  Cupromercaptan  suspension:  5  ml  of  0.1  %  solution  of  cupric  chlo¬ 
ride  is  treated  with  2.5  ml  concentrated  ammonia  and  10  ml  of  0. 1  % 
solution  of  hydroxylamine  hydrochloride.  The  colorless  solution  is 
treated  with  50  ml  of  0.1  %  solution  of  potassium  mercaptophenyl- 
thio-thiodiazolone  4°.  The  bright  yellow  suspension  of  the  cupro¬ 
mercaptan  will  keep  about  5  days  without  settling. 


fo]Th®Je‘eCti“n  “f  nitr°gen  in  organic  compounds  by  alkali  metal  fusion 
y  identification  of  the  resulting  cyanide  in  alkaline  solution  is 


References  pp.  116-118 


76 


3 


PRELIMINARY (EXPLORATORY) TESTS 

about  one-third  as  sensitive  as  the  test  based  on  the  liberation  of  prussic 
acid  and  its  action  on  copper-benzidine  acetate. 

If  sulfur-bearing  organic  materials  are  fused  with  alkali  metal,  the  resul¬ 
ting  alkali  sulfide  impairs  the  cupromercaptan  test,  since  even  minimal 
quantities  of  copper  sulfide  decolorize  the  yellow  suspension.  The  sulfide  can 
be  removed  by  lead  carbonate ;  lead  sulfide  is  formed  while  the  alkali  cyanide 
remains  unchanged. 


Procedure.  The  alkali  metal  fusion  is  conducted  in  a  hard  glass  test  tube. 
After  the  mass  has  cooled,  it  is  treated  with  2  or  3  drops  of  water.  The  solution  is 
treated  with  small  portions  of  lead  carbonate  until  some  unreacted  white  car¬ 
bonate  persists.  The  suspension  is  centrifuged;  the  lead  sulfide  and  carbonate 
deposit  nicely.  There  is  no  need  to  pour  off  the  supernatant  liquid.  It  is  treated 
directly  in  the  tube  wdth  a  drop  of  the  yellow  cupromercaptan  suspension.  If 
cyanide  is  present,  the  color  is  discharged. 

Another  test  for  cyanide  in  alkaline  solution  is  described  on  page  338. 


Test  for  nitrogen  and  sulfur  in  the  same  sample  41 

Organic  compounds  containing  both  nitrogen  and  sulfur  produce  cyanide 
and  sulfide  when  fused  with  metallic  potassium.  These  products  are  easily 
identified  by  the  sensitive  spot  reaction  described  on  page  74  and  page  75, 
when  the  stated  conditions  are  maintained.  It  is  then  possible  to  test  for 
sulfur  and  nitrogen  in  much  less  then  0.5  mg  of  the  sample.  It  is  essential 
to  use  an  excess  of  potassium,  otherwise  if  sulfur  and  nitrogen  are  both 
present,  potassium  thiocyanate  may  be  produced  instead  of  potassium 
cyanide  and  potassium  sulfide. 


Procedure.  A  little  of  the  solid  sample,  or  a  drop  of  the  solution  which  is 
then  evaporated  to  dryness,  is  placed  in  a  small  hard  glass  tube  with  a  bulb  at 
one  end.  A  piece  of  potassium  the  size  of  a  pinhead  is  added  on  a  small  glass  rod, 
and  the  tube  is  carefully  heated,  beginning  at  the  open  end,  until  the  potassium 
is  completely  melted  and  mixed  with  the  sample.  The  bulb  is  then  heated  briefly 
to  redness,  and  while  still  hot,  placed  in  the  bulb  of  the  apparatus  described  on 
oage  41  (Fig  27),  which  contains  5  drops  of  distilled  water.  The  hot  tube  breaks, 
and  a  drop  of  cadmium  acetate  and  2  drops  acetic  acid  are  added,  and  the  appa¬ 
ratus  closed  with  the  funnel  stopper,  on  top  of  which  is  placed  a  piece  o  paper 
impregnated  with  copper  acetate-benzidine  acetate  (for  preparation  see  page  74)^ 
On  heating  gently,  the  liberated  hydrocyanic  acid  causes  a  blue  fleck  on  the  filter 
paper,  thus  indicating  that  the  original  sample  contained  mtr°Sen. 

After  liberating  the  prussic  acid,  the  funnel  is  removed  and  the  contents  of  fte 
tube  are  allowed  to  cool.  Then  1  or  2  drops  of . od.ne-az.de  solut.on  (for  prepara 
tion,  see  page  71)  are  added.  Evolution  of  bubbles  of  nitrogen  indicates 

sulfur  was  present  in  the  sample. 
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An  appraisal  of  the  sensitivity  of  this  test  is  given  by  the  weight  of  material 
that  sufficed  to  give  definite  reactions  for  both  nitrogen  and  sulfur: 


1.2  y  thiourea,  CS(NH2)2 
6  y  sulfanilic  acid,  C6H4(NH2)S03H 

CO 

9  y  potassium  isatin  sulfonate,  K03S  C6H3<^j_j./CO 

12  y  l-amino-8-naphthol-3,6-disulfonic  acid(H-acid)  C10H4(OH)(NH2)  (S03H)2 


If  larger  quantities  of  the  test  material  are  available,  less  sensitive  tests 
for  alkali  sulfide  and  cyanide  will  suffice  after  the  sample  has  been  fused 
with  an  alkali  metal.  The  nitroprusside  test  for  sulfide  (Volume  I,  page  279) 
and  the  cupromercaptan  test  for  cyanide  (page  75)  are  recommended.  Both 
tests  can  be  accomplished  as  spot  reactions  on  a  spot  plate  with  one  drop 
of  the  solution  of  the  alkali  metal  fusion  residue. 


8.  Phosphorus 


(1)  Test  by  ignition  with  lime  ( conversion  to  phosphate) 

Non-volatile  organic  compounds  containing  phosphorus  leave  heat- 
resistant  tertiary  calcium  phosphate  when  ignited  with  calcium  oxide. 

The  phosphate  ions  obtained  by  dissolving  the  ignited  residue  in  acid  are 
precipitated  as  crystalline  yellow  ammonium  phosphomolybdate  by  the 
action  of  a  nitric  acid  solution  of  ammonium  molybdate: 

P04-3  +  12  Mo04-2  +  3  NH4+  +  24  H+  ->  (NH3)4P04-12  Mo03  +  12  H20 


Traces  of  ammonium  phosphomolybdate  can  be  detected  by  spotting  with 
benzidine  and  alkali  acetate  (see  Vol.  I,  page  306). 42  An  intense  blue  appears; 
it  is  due  to  a  blue  quinoidal  oxidation  product  of  benzidine  (“benzidine 
blue’’)  and  a  blue  mixture  of  low  molybdenum  oxides  (“molybdenum  blue”). 
This  redox  reaction  between  molybdenum'1  and  benzidine  is  brought  about 
as  follows:  NH3  molecules  of  the  (NH4)3P04-12Mo03  are  exchanged  for 
benzidine  molecules.  However,  benzidinium  phosphomolybdate  is  stable 
only  in  mineral  acid  solution.  In  contact  with  alkali  acetate  or  ammonia, 
the  complexly  bound  molybdenum,  which  has  higher  reducing  power  than 

Mo04-2  ions,  is  reduced  by  benzidine  with  production  of  the  blue  reaction 
products.43 


Procedure.  One  drop  of  the  test  solution  is  placed  on  a  few  mg  calcium  oxide 
in  a  platinum  spoon  and  evaporated.  Alternatively,  a  few  grains  of  the  powdered 
substance  are  mixed  with  calcium  oxide.  The  spoon  is  heated,  at  first  gently  and 

rf"a"y  k,ePV°r  S0T  time  at  red  heat'  Atter  cooli"S  ‘o  room  temperature,'  two 
ps  of  nitric  acid  are  added  to  dissolve  the  residue.  A  drop  of  ammonium 
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molybdate  solution  is  placed  on  quantitative  filter  paper  (preferably  S  &  S  589  or 
equivalent)  followed  by  the  contents  of  the  spoon.  After  1-2  minutes,  a  drop  of 
benzidine  is  added.  T  hen  the  paper  is  held  over  ammonia.  When  most  of  the  free 
mineral  acid  is  neutralized,  a  blue  stain  is  formed  on  the  paper,  the  intensity 
depending  on  the  phosphate  content.  It  is  advisable  to  carry  out  a  blank  as 
a  check  on  the  purity  of  the  reagents. 

Reagents:  1)  Calcium  oxide 

2)  2  N  nitric  acid 

3)  Ammonium  molybdate  solution :  5  g  ammonium  molybdate  is 
dissolved  in  100  ml  cold  water  and  poured  in  35  ml  nitric  acid 
(sp  gr.  1.2) 

4)  Benzidine  solution:  0.5  g  benzidine  or  benzidine  hydrochloride 
is  dissolved  in  10  ml  concentrated  acetic  acid  and  diluted  to 
100  ml  with  water 

5)  Concentrated  ammonia 

Phosphorus  was  detected  in  the  following  quantities  of  organic  compounds  :* 

1  y  1-phenyl-l  chloroethylene-2-phosphinic  acid 
O 

C,H6\  II  /OH 

C=CH—  P 
Cl/  \OH 

2-5  y  O.O-diethyl-O-p-nitrophenylthiophosphate  (Parathion) 

O 


OjN — CgH4 — O — P 


/OC2H5 

\OC2Hs 


5  y  octamethyl  pyrophosphoramide 
O  O 

(CH3)2N\I|  Il/N(CH3)2 

P— O— P 

(CH3)jN/  \N(CH3)2 

8  y  diethyl  />-nitrophenyl  phosphate  (Para-oxon) 


O 


02N— C6H4— O— P 


/OC2H6 


\oc2h5 


3  y  tetraethyl  dithiopyrophosphate  (Sulfotepp) 


S  S 

C2H5— 0\||  II /O— c2h6 

p— o— p 

C2Hj— o/  \o— c2h5 


•  Most  ot  the  compounds  tested,  being  derivatives  of  I*o.pJorjc  jeid 
acid,  have  acquired  importance  as  insecticides.  Consequen  >, 
and  determination  is  of  interest.44 
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9.  Arsenic 


( 1 )  Test  by  ignition  with  lime  (conversion  to  arsenate) 

All  non-volatile  organic  compounds  containing  arsenic  leave  heat-resistant 
tertiary  calcium  arsenate  when  ignited  with  calcium  oxide. 

The  arsenic'7  in  calcium  arsenate  can  be  detected  by  procedures  a-c: 

a.  After  solution  in  concentrated  hydrochloric  acid,  free  arsenic  is  pre¬ 
cipitated  by  adding  stannous  chloride: 


Ca3(As04)2  +  16  HC1  2  AsC15  +  3  CaCl2  +  8  H20 
2  As+5  +  5  Sn+2  -»■  2  As0  +  5  Sn+2 


b.  Red-brown  silver  arsenate  is  produced  by  spotting  with  acetic  acid 
silver  nitrate  solution : 

As04-3  +  3  Ag+  Ag3As04 


The  conversion  into  silver  arsenate  is  far  less  sensitive  than  the  reduction 
to  elementary  arsenic.  It  should  also  be  noted  that  halogen-bearing  organic 
compounds  when  ignited  with  lime  leave  calcium  halides  which  react  with 
silver  nitrate,  and  furthermore  silver  chloride  and  silver  bromide  change 
color  on  exposure  to  daylight  (photo  halide  formation)  and  this  darkening 
increases  the  difficulty  of  detecting  the  slow  precipitation  of  small  amounts  of 
silver  arsenate. 

c.  Dilute  sulfuric  acid  and  cadmium  iodide  react  with  calcium  arsenate : 

As04~3  +  2  I-  +  2  H+  ^  As03-3  +  H20  +  I2 

The  free  iodine  can  be  detected  by  the  sensitive  starch  test.  When  applying 
the  redox  reaction  with  iodide,  it  should  be  remembered  that  antimony¬ 
bearing  organic  compounds  leave  antimony  pentoxide  or  calcium  antimonate 
after  ignition  with  lime,  and  these  products  likewise  set  iodine  free. 


in  a  few  drops  of  concentrated  hydrochloric  acid 
remain  if  combustion  has  been  complete).  Two 
added  and  the  mixture  warmed.  In  the  presence 
or  brown  turbidity  is  seen  46.  The  turbidity  can  be 


particles  can 
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PRELIMINARY (EXPLORATORY) TESTS 

Reagents:  1 )  Calcium  oxide  (ignited) 

2)  Concentrated  hydrochloric  acid 

3)  Freshly  prepared  solution  of  stannous  chloride  in  35  %  hy¬ 
drochloric  acid 

Arsenic  was  revealed  in 

12  y  chloroarsanilic  acid,  C6H3C1(NH2)(As03H2) 

12  y  dinitroarsanilic  acid,  C6H2(N02)2(NH2)(As03H2) 

10  y  sodium  acetylarsenilate,  C6H4(NHC0CH3)(As03HNa) 

8  y  sodium  />-hydroxyphenylarsenilate,  C6H4(0H)(As03HNa) 

Procedure  II.  One  drop  of  the  test  solution  is  added  to  a  milligram  of  calcium 
oxide  in  a  microcrucible  and  evaporated  to  dryness  at  110°.  Alternatively,  a  few 
grains  of  the  powdered  sample  are  mixed  with  the  calcium  oxide.  The  crucible  is 
then  heated  strongly,  and  a  drop  of  silver  nitrate  is  added  to  the  cold  ignition 
residue.  Depending  on  the  arsenic  content,  red-brown  silver  arsenate  separates 
at  once  or  after  several  minutes. 

This  test  revealed  arsenic  in  60  y  nitrophenylarsonic  acid,  C6H4N02As0(0H)2. 

Reagents:  1)  Calcium  oxide 

2)  7  %  solution  of  silver  nitrate  in  6  N  acetic  acid 

Procedure  1 1 1 . 47  A  mixture  of  the  test  substance  and  calcium  oxide  is  prepared 
and  ignited  as  described  in  Procedure  II.  The  cooled  ignition  residue  is  treated 
with  a  drop  of  dilute  sulfuric  acid  and  the  contents  of  the  crucible  cooled  by  set¬ 
ting  it  in  cold  water.  A  drop  of  cadmium  iodide-starch  solution  *  is  then  intro¬ 
duced.  A  blue  color  that  appears  within  30  seconds  indicates  arsenic.  A  blank  is 
recommended  when  small  amounts  of  arsenic  are  involv  ed. 

Arsenic  was  revealed  in:  1.4  y  phenylarsonic  acid 

1.7  y  nitrophenylarsonic  acid 

Reagents:  1)  Calcium  oxide 

2)  Dilute  sulfuric  acid  (1:1) 

3)  5  %  solution  of  cadmium  iodide  in  1  %  solution  of  cadmium 
sulfate.  (Starch  solution  is  added  just  before  the  test) 


10.  Oxygen 
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(1)  Test  through  solvate  formation  with  ferric  thiocyanate 

Red  ferric  thiocyanate,  like  green-blue  cobalt  thiocyanate  (Volume  I,  pages 
104  156)  can  be  extracted  from  its  water  solution  by  shaking  with  ether, 
amyl  alcohol,  and  other  oxygen-containing  organic  solvents.  In  contrast, 
solvents  that  are  free  of  oxygen,  such  as  benzene,  toluene  carbon  tetra¬ 
chloride,  etc.,  are  inactive.  Since  solid  ferric  thiocyanate  shows  this  same 

through  dissolved  oxygen  and  traces  of  nitric  oxide  is  much  slower. 
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solubility  distinction  toward  these  two  classes  of  liquids,  a  test  for  oxygen 
in  organic  compounds  can  be  based  on  this  differential  behavior.  Obviously, 
this  action  is  due  to  the  fact  that  the  molecules  of  the  oxygen-containing 
liquid  or  dissolved  organic  compounds  are  capable  of  forming  stable  solvates 
with  ferric  thiocyanate  molecules  through  the  auxiliary  valences  of  their 
oxygen  atoms.  The  molecules  of  liquid  hydrocarbons  and  their  halogenated 
derivatives  lack  these  coordination-active  atoms,  and  accordingly  form  no 
solvates  with  this  ferric  salt.  This  assumption  is  supported  by  the  fact  that 
liquid  hydrocarbons  and  their  halogenated  derivatives  acquire  the  ability 
to  dissolve  ferric  thiocyanate  when  either  solid  or  liquid  oxygen-containing 
materials  are  dissolved  in  or  mixed  with  them.  In  principle,  this  effect  is 
analogous  to  the  solvate  formation  that  occurs  when  iodine  dissolves  in 
organic  solvents,  producing  a  brown  color.  The  violet  iodine  solutions,  which 
probably  contain  no  solvate,  change  toward  brown  when  coordination- 
active  organic  compounds  are  introduced,  and  thereby  cause  the  formation 
of  iodine  addition  compounds  which  dissolve  with  a  brown  color.50 

It  should  be  noted  that  sulfur-  and  nitrogen-containing  compounds  act 
like  the  oxygenated  materials  relative  to  the  solubility  of  ferric  thiocyanate. 
Consequent^,  the  test  is  characteristic  for  oxygen  only  if  the  absence  of 
sulfur  and  nitrogen  has  been  proved.  Furthermore,  acids  and  oxidizing 
compounds  interfere  with  the  test. 


Procedure.  Filter  paper  is  impregnated  by  plunging  it  once  into  a  methyl 
alcohol  solution  of  ferric  thiocyanate  and  then  drying  it  in  the  air.  The  reagent 
paper  must  be  freshly  prepared  each  time.  Several  drops  of  the  solution  to  be 
tested  are  placed  on  the  paper.  A  positive  reaction  is  indicated  if  a  wine-red  color 
appears.  Solids  should  be  dissolved  beforehand  in  hydrocarbons  or  their  halo¬ 
genated  derivatives. 

Reagent:  Separate  solutions  containing  1  g  ferric  chloride  and  1  g  potassium 
thiocyanate  dissolved  in  10  ml.  methyl  alcohol  are  prepared.  The 
solutions  are  united  and  allowed  to  stand  for  several  hours  before 
filtering  off  the  precipitate  of  potassium  chloride. 


In  the  absence  of  nitrogen  and  sulfur,  the  development  of  a  red  color  in 
the  above  procedure  (when  20-50  mg  of  sample  is  used)  indicates  the  pres- 
ence  o  oxygen,  n  the  other  hand,  a  negative  response  is  somewhat  un¬ 
certain  in  its  implications  because  no  reaction  is  given  by  some  oxvgen- 
beanng  compounds,  e.g.,  high  molecular  ethers,  nitro  compounds  etc 

ironll  lHhi  wl'lch  makes  better  use  of  the  solvate  formation  of 

on  (III  thiocyanate  and  which  also  is  successful  when  organic  compounds 

irring  a  drop  of  the  -  « -it  w.tph  ss 
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PRELIMINARY (EXPLORATORY) TESTS 

Procedure. 5oa  A  drop  of  the  test  solution  is  placed  on  a  slide  or  in  a  micro  test 
tube  and  stirred  with  a  thin  glass  rod,  whose  tip  carries  a  little  solid  iron  (III) 
thiocyanate.  If  oxygen-bearing  compounds  are  present,  the  drop  becomes  light 
to  dark  red.  Solid  samples  can  be  melted  beforehand  on  the  slide  or  in  the  test 
tube.  Since  the  iron  (III)  thiocyanate  may  decompose  during  the  melting,  it  is 
better  to  test  a  highly  concentrated  solution  in  an  oxygen-free  organic  liquid. 
Chloroform  is  particularly  suited  to  this  purpose. 

The  stirring  rod  is  charged  with  iron  (III)  thiocyanate  by  dipping  the  rod  to  a 
depth  of  several  millimeters  into  an  ether  solution  of  the  reagent,  and  allowing 
the  solvent  to  evaporate  into  the  air. 

Reagent:  Ether  solution  of  iron  (III)  thiocyanate:  5  grams  of  potassium  thio¬ 
cyanate  and  4  grams  of  iron  (III)  chloride  (hexahydrate)  are  dissolv¬ 
ed  in  20  ml  water  each.  The  solutions  are  united  and  the  mixture  is 
extracted  with  30  ml  ether.  The  ether  solution  can  be  used  at  once. 
It  will  keep  for  several  weeks  if  it  is  stored  in  the  dark. 

The  limit  of  identification  is  5-10  mg  and  accordingly  this  procedure  is  consider¬ 
ably  more  sensitive  than  the  test  on  iron  (III)  thiocyanate  paper.  For  example, 
diethyl  malonate  and  ethyl  mandelate  react  promptly  as  do  solutions  of  benzd 
and  stearic  acid  in  chloroform,  whereas  no  solvate  formation  is  seen  with  these 
materials  and  solutions  on  iron  (III)  thiocyanate  paper. 


11.  Metals 

A  direct  detection  of  metallic  elements  in  organic  compounds  is  possible 
provided  the  test  material  is  soluble  in  water  to  at  least  a  slight  extent,  or 
if  it  can  be  appreciably  decomposed  by  dilute  acids  or  alkali  hydroxides. 
When  this  is  not  the  case,  the  test  for  metals  must  be  preceded  by  a  destruc¬ 
tion  of  the  organic  skeleton  by  ignition  (dry  method)  or  by  means  of  oxidizing 
acids  (wet  method).  Sometimes,  losses  of  material  are  inevitable  when 
organometallic  compounds  are  ignited.  Certain  materials  (especially  diazo 
nitro-  and  nitroso  compounds)  explode  when  heated.  Others  (particularly 
inner  complex  compounds)  sublime  to  a  considerable  extent  previous  to 
their  thermal  oxidative  fission.  In  some  cases,  complete  ashing  is  difficul 
because  carbon  particles  become  coated  with  sintered  metal  carbonate  o 
oxide  which  is  formed  during  the  thermal  destruction  of  the  test  material. 
Ignition  residues  must  be  dissolved  before  undertaking  the  tes  s  hir  meta  . 
This  dissolution  can  be  accomplished  for  the  ignited  oxides  of  te>  and 
quadrivalent  metals  by  fuming  with  concentrated  sulfuric iac,d lor day Tusk. 
with  alkali  bisulfate.  The  difficulties  that  were  pointed  out  ^0™^°  no  ¬ 
il  the  organometallic  compounds  are  oxidatively  disintegrated  by  digest 
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have  the  disadvantage  that  they  introduce  rather  large  amounts  of  con¬ 
centrated  acids,  which  must  be  removed  by  evaporation  before  proceeding 
with  the  tests  for  metal  ions. 

A  rather  convenient  and  rapid  process  for  the  wet  decomposition  of  non¬ 
volatile  organometallic  (and  purely  organic)  materials  is  to  heat  them  with 
dilute  sulfuric  acid  and  potassium  persulfate  in  the  presence  of  soluble  silver 
salts.51  The  decomposition  reaction:  H2S208  +  H20  ->  2H2S04  +  O,  which 
is  catalyzed  by  silver  ions,52  yields  atomic  oxygen.  This  can  bring  about  the 
oxidative  decomposition  of  soluble  and  insoluble  organic  and  organometallic 
compounds.53  It  has  not  been  determined  whether  the  rupture  of  the  organic 
skeleton  proceeds  so  far  in  all  cases  that  the  entire  carbon  content  is  oxidized 
to  carbon  dioxide.  However,  it  appears  certain  that,  with  few  exceptions, 
the  disintegration  is  so  extensive  that  the  metals  contained  in  organic  com¬ 
pounds  are  converted  to  sulfate. 

Procedure.  0.01-0.03  g  of  the  material  to  be  tested  is  placed  in  a  small  flask 
and  treated  with  one  or  two  drops  of  concentrated  sulfuric  acid  2  ml  of  0.2  AT 
silver  nitrate  and  0.5  g  persulfate.  The  mixture  is  gently  heated  with  constant 
swirling.  As  soon  as  a  vigorous  evolution  of  gas  occurs,  the  heating  is  interrupted. 
Finally,  the  liquid  is  kept  boiling  for  2-3  minutes  to  decompose  excess  persulfate. 

Table  4  shows  the  behavior  of  organic  and  organometallic  compounds 
of  various  types  when  subjected  to  the  procedure  just  outlined.  Of  course 
smaller  quantities  of  the  test  substance  can  be  taken  for  semimicro  scale 
operations. 

Table  4 


Compound 

Cupferron 

Dimethylglyoxime 

p-Dimethylamino- 

benzylidenerhodanine 

Diphenylcarbazide 

8-Hydroxyquinoline 

a-Nitroso-/S-naphthol 

Nitroso-R-salt 

Pyrogallol 

Rhodamine  B 

Salicylaldoxime 

Sulfosalicylic  acid 

Tannin 

Fe(III)  cupferronate 
Cu  cupferronate 


Before  Oxidation 

Suspension  in  dilute  H2SO 
Suspension  in  dilute  H2SO 

Suspension  in  dilute  H2SO 
Suspension  in  dilute  H2SO 
Solution  in  dilute  H2S04 
Suspension  in  dilute  H2SO 
Aqueous  solution 
Aqueous  solution 
Aqueous  solution 
Suspension  in  dilute  H2SO 
Aqueous  solution 
Aqueous  solution 
Suspension  in  dilute  H2SO 
Suspension  in  dilute  H2SO 


After  Oxidation 

4  Clear  colorless  solution 
4  Clear  colorless  solution 

4  Clear  colorless  solution 
4  Clear  colorless  solution 
Clear  colorless  solution 
4  Clear  colorless  solution 
Clear  colorless  solution 
Clear  colorless  solution 
Clear  colorless  solution 
4  Clear  colorless  solution 
Clear  colorless  solution 
Clear  colorless  solution 
4  Clear  light  yellow  solution 
4  Clear  light  blue  solution 
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Compound 


Before  Oxidation 


After  Oxidation 


Th-cupferronate 

Pd-dimethylglyoxi- 

mate 

Pd-furildioximate 
Pd-oxinate 
Pd-a-nitroso-/?- 
naphthol 
Pd  acetylide 
Mo-oxinate 
Mo-tannin  preci¬ 
pitate 

Bi-pyrogallate 
Benzidine  sulfate 
Benzidine-\V03  pre¬ 
cipitate 

SbCl5-Rhodamine  B 
Congo  red 
Alizarin  S 
Methylene  blue 
Methyl  red 
Carminic  acid 
Phenolphthalein 
Mo-benzoinoxime 
precipitate 
Co(III)a-nitroso-/S- 
naphtholate 
Sb(III)  pyrogallate 
Thionalide 
Rubeanic  acid 
K-ethylxanthogenate 
Cu(I)-xanthogenate 
Mercaptobenz- 
thiazole 
Alizarin  blue 
Cu-alizarin  blue 


Suspension  in  dilute  H2S04 

Suspension  in  dilute  H2S04 
Suspension  in  dilute  H2S04 
Suspension  in  dilute  H2S04 

Suspension  in  dilute  H2S04 
Suspension  in  dilute  H2S04 
Suspension  in  dilute  H2S04 

Suspension  in  dilute  H2S04 
Suspension  in  dilute  H2S04 
Suspension  in  dilute  H2S04 

Suspension  in  dilute  HN03 
Suspension  in  dilute  HN03 
Aqueous  solution 
Aqueous  solution 
Aqueous  solution  ' 
Aqueous  solution 
Aqueous  solution 
Aqueous  solution 

Suspension  in  dilute  H2S04 

Suspension  in  dilute  H2S04 
Suspension  in  dilute  H2S04 
Suspension  in  dilute  H2S04 
Suspension  in  dilute  H2S04 
Suspension  in  dilute  H2S04 
Suspension  in  dilute  H2S04 

Suspension  in  dilute  H2S04 
Suspension  in  dilute  H2S04 
Suspension  in  dilute  H2SQ4 


Clear  colorless  solution 

Clear  light  yellow  solution 
Clear  light  yellow  solution 
Clear  light  yellow  solution 

Clear  light  yellow  solution 
Clear  light  yellow  solution 
Clear  colorless  solution 

Clear  colorless  solution 
Clear  colorless  solution 
Clear  colorless  solution 

Colorless  solution;  \V03-ppt 
Colorless  solution ;  AgCl-ppt. 
Clear  colorless  solution 
Clear  colorless  solution 
Clear  colorless  solution 
Clear  colorless  solution 
Clear  colorless  solution 
Clear  colorless  solution 

Resistant 

Resistant 
Resistant 
Sulfur  deposit 
Sulfur  deposit 
Sulfur  deposit 
Sulfur  deposit 

Sulfur  deposit 

Clear  light  red  solution 

Resistant 


The  attack  by  persulfuric  acid  in  the  presence  of  Ag+  .ons  is  not  uniform 
for  all  organometallic  and  organic  compounds.  Certain  materials  are  oxidized 
but  slowly,  whereas  others,  in  small  quantities,  are  decomposed  rapidly, 
sometimes  almost  instantaneously,  as  can  be  easily  seen  by  the  discharge 
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of  a  color  or  in  the  case  of  suspensions  by  the  production  of  a  clear  colorless 
solution.  At  times  the  oxidation  to  the  colorless  state  is  preceded  by  the 
transient  production  of  compounds  with  other  colors.  It  seems  that  those 
compounds  which  are  acid-soluble  and  those  which  are  readily  wet  by  water 
are  the  ones  which  are  most  easily  decomposed.  Since  the  hydrolysis  of  the 
persulfuric  acid  and  the  oxidative  action  proceed  side  by  side,  carbon 
dioxide  and  oxygen  are  generated  and  consequently  there  is  strong  foaming. 
Solid  particles  of  insoluble  materials  may  be  trapped  in  the  foam,  where  they 
remain  unchanged  because  they  encounter  there  less  atomic  than  molecular 
(i.e.  almost  inactive)  oxygen.  In  such  cases,  careful  shaking  is  necessary  and 
a  supplementary  addition  of  persulfate  should  be  made  after  the  foaming 
has  stopped. 

As  shown  in  Table  4,  very  few  organometallic  compounds  are  entirely 
or  only  partially  resistant  to  oxidation  by  the  procedure  described  here. 
Such  recalcitrant  materials  must  be  decomposed  by  ignition.  In  all  cases 
where  there  is  complete  decomposition,  the  sulfuric  acid  solution  can  be  used 
for  carrying  out  spot  tests  for  metals,  taking  proper  account  of  the  presence 
of  the  silver  ions  which  were  deliberately  introduced  as  catalyst. 

When  organic  compounds  are  oxidatively  decomposed  by  the  persulfate- 
silver  mixture,  phosphorus  and  arsenic  emerge  as  phosphoric  and  arsenic 
acid.  Halogens  are  precipitated  as  silver  halides.  When  halogen-bearing 
organic  compounds  are  involved,  more  silver  nitrate  than  usual  should  be 
added,  since  only  silver  ions  and  not  silver  halides  are  effective  as  catalyst. 


12.  Mercury 

(1)  Test  by  volatilization  of  mercury 

Mercury  compounds  of  all  varieties  when  heated  to  dull  red  heat  leave 
no  residue  at  all  or  the  residue  contains  no  mercury.  This  behavior,  which 
is  unique  among  metal  compounds,  is  due  to  the  sublimation  of  mercury 
salts  and  also  to  thermal  decomposition  with  production  of  mercury  vapor. 

The  latter  can  be  detected  by  the  very  sensitive  test  with  palladium  chlo¬ 
ride,54  in  which  the  reaction : 


PdCl2  +  Hg°  Pd°  +  HgCla 

yields  free  palladium  which,  in  a  state  of  high  division,  is  black.  If  filter  paper 

moistened  with  palladium  chloride,  is  brought  into  contact  with  mercury 

teTfP  the  brown-y,elIow  -agent  paper  turns  black  (Procedure  I).  Another 

curiite  bv  thT  I?f'S  f  °n  production  of  red  cuPr°»s  tetriaiodomer- 
unate  by  the  action  of  mercury  vapor  on  white  cuprous  iodide: 

2  Cu2I2  -f  Hg°  CuufHglJ  +  2  Cu° 


55 
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PRELIMINARY (EXPLORATORY) TESTS 


When  solid  organic  mercury  compounds  are  heated,  mercury  vapor  is  pro¬ 
duced  through  thermal  dissociation  and  probably  also  through  the  action  of 
reducing  decompostition  products,  such  as  carbon  monoxide,  acetylene,  etc. 
To  detect  the  mercury  vapor  by  means  of  palladium  chloride  or  cuprous 
iodide,  steps  must  be  taken  to  prevent  carbon  monoxide  and  volatile  tarry 
products  from  being  formed  when  the  organic  material  burns.  Carbon 
monoxide  likewise  reduces  palladium  chloride  to  the  metal,  and  tarry  pro¬ 
ducts  can  collect  on  the  reagent  paper  to  form  brown  or  black  stains.  Both 
of  these  interferences  can  be  reliably  obviated  if  the  organic  material  being 
tested  for  mercury  is  burned  in  mixture  with  cupric  oxide.56 

Certain  organic  mercury  compounds  produce  some  ethylene  on  ignition, 
and  this  cannot  be  prevented  even  by  mixing  the  sample  with  copper 
oxide.57  Ethylene  likewise  reduces  palladium  chloride  to  free  palladium.58 
Obviously,  the  production  of  ethylene  in  the  combustion  of  organic  mer¬ 
curials  would  be  no  handicap  in  the  detection  of  mercury  vapor;  rather  it 
would  be  an  advantage  since  more  palladium  chloride  would  be  reduced  under 
such  circumstances.  However,  it  is  possible  (though  not  yet  proved)  that  some 
ethylene  is  produced  when  mercury-free  compounds  bum.  In  such  cases,  the 
reduction  of  palladium  chloride  by  ethylene  would  simulate  the  presence  of 
mercury  vapor.  Consequently,  when  in  doubt,  it  is  better  to  trap  the  mer¬ 
cury  vapor  initially  on  a  gold  surface  (wire,  foil).  Heating  this  amalgam,  will 
then  drive  the  mercury  out  and  the  test  with  palladium  chloride  paper  can 
be  applied  to  the  vapor. 


Procedure  1. 59  A  small  quantity  of  the  test  material,  mixed  with  a  few  centi¬ 
grams  of  copper  oxide,  is  placed  in  a  pyrex  ignition  tube  (3/4  inch  long,  3/8  inch 
diameter)  and  covered  completely  with  copper  oxide.  The  tube  is  inserted  in  a 
hole,  small  enough  to  grip  it  firmly,  which  has  been  drilled  through  an  asbestos 
board.  The  latter  rests  on  a  tripod.  The  bottom  of  the  tube  should  protrude 
below  the  board.  The  mouth  of  the  tube  is  covered  with  a  circular  piece  of  filter 
paper,  whose  diameter  is  slightly  greater  than  the  external  diameter  of  the  tu  e. 
A  drop  of  aqueous  palladium  chloride  is  placed  on  the  paper.  The  tube  is  heatec 
cautiously  by  gradually  raising  a  low  Bunsen  flame,  which  finally  is  increased 
until  the  bottom  of  the  tube  is  red  hot.  A  dark  stain  sharply  outlining  the  aper¬ 
ture  of  the  tube,  indicates  the  presence  of  mercury.  In  case  of  doubt  the  pape 
should  be  held  over  ammonia  water.  The  yellowish  brown  color  of  the  paper  is 
discharged  because  of  the  formation  of  [Pd(NH,),]«  ions  and  the  stain  becomes 
more  obvious.  Great  care  must  be  taken  to  prevent  the  top  of  the  tube  from  be¬ 
coming  hot.  since  otherwise  the  palladous  chloride  may  be  reduced  by 

PaZen  only  traces  of  mercury  are  expected  or  if  there  is  a  chance  that  ethylene 
may  be  evoWed,  crushed  gold  leaf  should  be  inserted  in  th*  UPf  l  £ 

ignition  tube,  which  may  be  provided  with  a  constriction  about  1/3  from 
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bottom  to  support  the  thin  foil.  The  substance  is  decomposed  as  just  described, 
but  without  warming  the  gold  leaf,  which  therefore  should  be  sufficiently  far 
above  the  asbestos  board.  The  decomposition  requires  about  two  minutes,  lhe 
tube  is  then  pushed  down  so  that  the  gold  leaf  can  now  be  heated  with  the  full 
flame  for  a  short  time.  The  palladous  chloride  paper  should  be  applied  to  the 
mouth  of  the  tube  only  during  the  second  heating  period. 

Reagents:  1)  Cupric  oxide  (fine  powder) 

2)  1  %  solution  of  palladous  chloride 

3)  Ammonia  water 

A  positive  reaction  was  given  by: 

1.75  y  acetoxymercuryethylacetate 

2.25  y  aceto-(2-chloromercuryethyl)mesidide 

2.0  y  bromomercuryethylpyridine-bromomercuriate 

5.0  y  iodomercuryethylpyridine-iodomercuriate 

2.5  y  bis(camphor-lO)  mercury 

2.5  y  camphor- 10-mercury  iodide 

2.75  y  bis-3-chlorocamphor- 10-mercury 

These  identification  limits  for  the  detection  of  mercury  in  organic  com¬ 
pounds  correspond  (with  one  exception)  to  about  1  y  of  mercury.  The  lower 
quantity  sensitivity  in  the  case  of  iodomercuryethylpyridine-iodomercuriate 
may  be  attributed  to  the  volatilization  of  a  part  of  the  mercury  as  mercuric 
iodide  which,  under  the  conditions  of  the  experiment,  does  not  react  with 
palladium  chloride.  Because  of  the  formation  of  mercury  halides,  the  test 
may  be  less  sensitive,  or  even  fail  completely  for  small  quantities  of  mercury, 
when  larger  quantities  of  organic  and  inorganic  halogen  compounds  are 
present.  In  such  cases  it  is  recommended  that  Procedure  II  employing 
cuprous  iodide  be  applied.  This  reagent  reacts  not  only  with  mercury  vapor 
(see  page  85)  but  also  with  sublimable  mercury  halides  60 : 

2  Cu2I2  +  Hg(Hal)2  ->  Cu2[HgI4]  +  Cu2(Hal)2 

Procedure  II.  *  The  method  described  in  Procedure  I  is  used  for  the  destruc¬ 
tion  of  the  mercury-bearing  test  substance.  Paper  carrying  a  drop  of  cuprous 
iodide  paste  is  used  in  place  of  palladium  chloride  paper.  A  salmon  or  red  color 
develops  on  the  paper  when  exposed  to  mercury  vapor  or  volatilized  mercury 
halides.  About  6-8  y  mercury  can  be  detected  by  Procedure  II. 

Reagent:  Cuprous  iodide  paste:  A  solution  of  5  g  copper  sulfate  crystals  in 
75  ml  water  is  mixed  with  a  solution  of  5  g  sodium  sulfite  and  1 1  g 
potassium  iodide  in  75  ml  water.  The  colorless  precipitate  is  cen¬ 
trifuged  or  filtered,  washed  well  with  water,  and  stored  moist.  Just 

before  the  test,  some  cuprous  iodide  is  stirred  with  enough  water  to 
form  a  thin  slurry. 

(ta*  cf‘re lkT  ^  F'  Fei8‘  WUh  Par,ial  modificatior'  °f  Procedure  described  by  J.  Stone 
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13.  Tests  for  Basic  or  Acidic  Behavior 


The  basic  or  acidic  character  of  organic  compounds  is  due  to  the  presence 
and  activity  of  certain  elements  in  certain  bonding  forms  which  are  respon¬ 
sible  for  the  acceptance  or  delivery  (consumption  and  production)  of 
hydrogen  ions  (protons)  or  for  the  closely  related  process  of  the  formation  of 
salts.  Salt-forming  groups  are  situated,  as  a  rule,  at  definite  locales  in  the 
molecule  of  organic  compounds.  In  isolated  cases,  compounds  which  are 
neutral  in  their  normal  structure  can  assume  an  acidic  character  through 
tautomeric  rearrangement. 


Practically  all  stable  basic  organic  compounds  are  derivatives  of  ammonia, 
hydroxylamine  or  hydrazine.*  The  salts  with  strong  acids  correspond  to  the 
ammonium-,  hydroxylaminium-,  and  hydrazinium  salts.  With  few  excep¬ 
tions,  these  salts  are  water-soluble.  The  strength  of  organic  nitrogen  bases, 
with  respect  to  the  binding  of  H+-ions  or  the  delivery  of  OH~-ions,  depends 
on  the  molecular  remainder  bound  to  the  nitrogen  atom.  For  example, 
NH2-  and  NH-groups  bound  to  alkyl  radicals  are  strongly  basic,  whereas 
they  are  weakly  basic  when  bound  to  aryl  radicals.  When  these  groups  are 
directly  linked  to  a  CO-group,  the  products  are  neutral,  acid-insoluble  com¬ 
pounds  (acid  amides  and  anilides).  Cyclic  and  noncyclic  compounds  con¬ 
taining  NH-groups  adjacent  to  a  CO-  or  CS-group  function  as  acids. 

Hydrogen  atoms  which  can  be  split  off  as  hydrogen  ions,  or  which  can 
be  replaced  by  an  equal  number  of  metal  equivalents  to  form  salts,  are 
essential  to  the  acidic  character  of  organic  compounds.  When  hydrogen 
atoms  are  linked  directly  to  carbon,  they  exhibit  this  faculty  only  in  acety¬ 
lene  and  its  derivatives,  which  contain  the  — C^C  H-group.**  As  a  rule, 
acidic  H-atoms  are  contained  in  OH-,  SH-,  and  NH-groups,  which  are 
linked  directly  to  carbon  either  directly  or  through  an  intermediate  nonme- 
tallic  atom.  It  is  customary  to  regard  the  entire  salt-forming  group  bound 
to  a  carbon  atom  as  the  acidic  group.  This  convention  appears  also  in  the 
nomenclature,  as  shown  in  the  following  exhibit: 


— s=o 

\OH 

Sulfonic 


— S— OH 


—  S — H 

"^O 


Sulfinic 


^°ti 
—As— OH 

Arsonic 


— C— OH 
Carboxyl 

*  Besides  nitrogen  bases  there  are  a  few  compounds,  such  as  pyrones,  and  the  anthocyanidin 
pigmS  deflowers,  which  possess  oxygen  atoms  with  sufficient  basic,  ty  to  cause  them  to 

dissolve  in  dilute  hydrochloric  acid  tendency  to  form  a  stable  binding  with 

ca/bTaTm?^^^ 

pounds  ol  metals  with  alkyl  and  aryl  groups  without 

STSLcter  see  E.  Krause  and  A.  v.  Grosse,  DU  Clumic  <Ur  vuUUl-organisclun  Verb^unpn, 
Berlin,  1937. 
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=N— OH  ^  =N — H 
Oximic 


/OH 

— CH2— N02  ^  —  CH=N=o 

Nitro  (primary) 


/OH 

R-CH— N02  R-C=N=0 


\ 

— C— CHo— C 


— C— CH=C 


/OH 


Nitro  (secondary) 


Enolic 


\ 

C— OH 

Phenolic  (alcoholic) 


\ 

C— SH 

S’ 

Thiophenolic 


/O 

—  S— NH2  s— oh 

^O  ^NH 

Sulfonamidic 


\  I  I 

C=C— SH  or  -N=C-S1I 


Tliioenolic 


— CO— NH— CH2— 


Acid-imide 


Obviously  then  the  establishment  of  the  acidic  character  of  a  material, 
with  due  regard  to  the  outcome  of  the  tests  for  metallic  and  nonmetallic 
elements  described  in  Section  2  of  this  chapter,  can  yield  valuable  guides 
as  to  the  direction  along  which  further  tests  should  be  made. 

When  dealing  with  compounds  which  are  at  least  noticeably  soluble  in 
water,  the  behavior  of  dyestuff  indicators  will  decide  whether  bases,  acids 
or  neutral  compounds  are  at  hand.  Such  tests  can  be  conducted  with  drops 
of  aqueous  solutions,  or  with  small  amounts  of  the  solid  sample  placed 
directly  on  moistened  indicator  papers,  or  on  spot  plates  with  microdrops 
of  suitable  indicator  solutions.  Congo  red  is  recommended  for  acidic  com¬ 
pounds,  bromthymol  blue  or  phenolphthalein  for  basic  compounds.  The  use 
of  four  kinds  of  mixed  indicators  has  been  proposed  61  for  classifying  organic 
compounds,  according  to  the  pH,  into  the  following  classes:  strong  acids, 
intermediate  acids,  ampholytes,  neutral  compounds,  weak  bases,  interme¬ 
diate  bases.  The  orientation  in  this  respect  is  excellent,  provided  the  details 

given  for  the  preparation  of  the  indicator  solutions  have  been  followed 
exactly. 


Usually  a  more  reliable  indication  of  salt-forming  groups  in  water- 
insoluble  organic  compounds  is  given  by  their  behavior  with  dilute  hydro¬ 
chloric  acid  or  dilute  caustic  alkali.  Basic  compounds  are  thus  taken  into 

afcl!°nitS  »t  hyd™chlorides-  and  acidic  compounds  as  the  corresponding 
a lkah  salts.  These  dissolution  tests  can  be  accomplished  with  tiny  amounts 

the  sample  on  a  watch  glass  by  adding  a  drop  of  acid  or  alkali,  warming 

^  f„,„Ab1eamS'  h  Tv  C*f”;  s«-  41  <1919>  247 

he  attributed  this  to  the  great  water  incnl  vt  f  even  m  boiling  10%  caustic  alkali  and 

some  sulfonamides^62.  Obviously^  ttm'  abihtv^of^base^16  The  Same  is  true  <* 

alkali  depends  not  alone  on  thdr  acid  or  base  ^  f*8  l°  diSS°lve  in  a(lueous  aci^  or 

water  as  an  unionized  molecule.  Compare  D.  Davison,  tc.  cit° vel  ei!*  t0  diSS°1Ve  in 
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gently  if  necessary.  When  mixtures  are  to  be  tested  for  a  possible  content  of 
basic  or  acidic  compounds,  it  is  well  to  carry  out  the  treatment  with  acid  or 
base  in  a  microcentrifuge  tube,  and  to  segregate  any  undissolved  material 
by  centrifuging.  Ammonia  or  dilute  hydrochloric  acid  should  then  be  added 
drop  by  drop  to  the  clear  liquid  until  a  distinct  alkaline  or  acid  reaction 
is  attained.  If  a  precipitate  or  turbidity  appears,  it  indicates  the  presence 
in  the  sample  of  compounds  carrying  salt-forming  basic  or  acidic  groups. 
When  a  water-insoluble  material  dissolves  in  hydrochloric  acid  as  well  as 
in  alkali,  an  ampholyte  is  at  hand,  i.e.,  a  compound  whose  molecule  contains 
both  basic  and  acidic  salt-forming  groups. 

The  foregoing  tests  for  basic  and  acidic  compounds,  based  on  their  be¬ 
havior  toward  dyestuff  indicators,  and  toward  dilute  hydrochloric  acid  and 
alkali  hydroxide,  are  usually  adequate  for  orientation  purposes.  Even  micro¬ 
gram  quantities  of  water-soluble  materials  can  produce  plainly  visible  color 
changes  of  indicators;  at  least  0.2-2  mg  of  solid  samples  are  required  for 
securing  distinct  effects  in  the  solubility  tests  in  hydrochloric  acid  or  alkali. 
Other  procedures  for  testing  the  basic  or  acidic  character  of  slightly  water- 
soluble  or  insoluble  compounds,  and  also  for  testing  volatile  acids  and  bases, 
are  given  in  the  following  sections.  These  tests  require  no  more  than  fractions 
of  a  milligram  of  the  test  material. 


(2)  Tests  for  basic  compounds  with  nickel  dimethylgly oxime-  or  zinc  8-hydroxy- 
quinoline- equilibrium  solutions  63 

When  dimethylglyoxime  (DH2)  is  added  to  aqueous  solutions  of  nickel  (II) 
salts,  the  resulting  nickel  dimethylglyoxime,  being  readily  soluble  in  dilute 
mineral  acids,  is  only  partly  precipitated  because  of  the  immediate  estab¬ 
lishment  of  the  reversible  equilibrium : 


Ni+2  +  2  DH2  Ni(DH)a  +  2  H+ 

If  the  precipitate  is  removed  by  filtration,  the  filtrate  is  a  saturated  solution 
of  nickel  dimethylglyoxime  and  contains  Ni+2  and  H+  ions  at  concentrations 
corresponding  to  the  equilibrium.  If  this  solution  is  placed  in  contact  with 
H+-ion-consuming,  i.e.  basic  materials,  the  equilibrium  is  disturbed  by  the 
removal  of  H+-ions,  and  red  nickel  dimethylglyoxime  precipitates  to  re¬ 
establish  the  equilibrium.  Therefore,  this  test  will  reveal  the  presence  of 
basic  materials  which  are  soluble  or  insoluble  in  water.  (Procedure  I). 

Another  equilibrium  solution  responding  to  organic  bases  can  be  prepared 
by  treating  a  solution  of  a  zinc  salt  with  excess  8-hydroxyquinohne  (HOx) 
and  filtering.  Because  of  the  establishment  of  the  reversible  equilibria 

Zn+2  +  2  HOx  Zn(Ox)2  +  2  H+ 
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the  light  yellow  zinc  oxinate,  which  is  soluble  in  dilute  mineral  acids,  is 
only  partially  precipitated.  If  the  clear  filtrate  is  brought  into  contact  with 
organic  bases,  H+  ions  are  withdrawn  and  zinc  oxinate  precipitates.  Traces 
of  this  salt,  which  are  too  slight  to  be  discernible  as  a  turbidity,  are  clearly 
revealed  by  the  strong  yellow-green  fluorescence  in  ultraviolet  light. 
(Procedure  II). 

Employment  of  this  procedure  assumes  the  absence  of  inorganic  basic 
compounds,  and  also  of  alkali-  and  alkaline  earth  salts  of  weak  acids,  which 
react  basic  because  of  hydrolysis.  Organic  bases  can  be  liberated  from  their 
salts  by  alkalization  with  ammonia  and  extraction  with  ether,  chloroform, 
etc.  Ammonia  should  be  used  because  it  is  completely  removed  when  the 
organic  solvent  is  volatilized  and  the  residue  heated  to  110°.  When  dealing 
with  organic  materials,  which  burn  without  residue,  or  whose  ignition 
residues  contain  no  oxides  or  carbonates  (compare  Section  2  of  this  chapter), 
a  positive  response  to  the  test  with  equilibrium  solutions  is  a  strong  indication 
of  the  presence  of  organic  bases. 


Procedure  I.  A  drop  of  the  aqueous  test  solution  or  the  residue  from  the 
evaporation  of  a  drop  of  a  solution  of  non-volatile  bases  in  alcohol,  ether  or  the 
like,  is  mixed  with  a  drop  of  equilibrium  solution  on  a  spot  plate.  If  basic  ma¬ 
terials  are  present,  red  crystalline  nickel  dimethylglyoxime  appears,  either 
immediately  or  after  a  transient  yellow  color,  depending  on  the  quantity  of  basic 
material  involved. 

Reagent:  Nickel  dimethylglyoxime-equilibrium  solution.  2.3  g  nickel  (II)  sul¬ 
fate,  dissolved  in  300  ml  water,  is  united  with  2.8  g  dimethylglyoxime 
dissolved  in  300  ml  alcohol.  The  precipitate  is  filtered  off. 

This  procedure  revealed  the  basic  behavior  of 

20  y  diethanolamine 
20  y  a-naphthylamine 
15  y  ^-phenylenediamine 
10  y  benzidine 
15  y  tetrabase 


Procedure  II.  A  drop  of  the  test  solution  is  taken  to  dryness  in  an  Emich 
tube.  The  cooled  residue  is  treated  with  a  drop  of  the  equilibrium  solution  and 
viewed  under  the  quartz  lamp.  In  the  presence  of  non-volatile  organic  bases,  the 
evaporation  residue  assumes  a  yellow-green  fluorescence.  If  desired,  following  the 
action  of  the  equilibrium  solution,  the  system  may  be  diluted  with  water.  In  this 
way,  even  traces  of  the  resulting  fluorescent  zinc  oxinate  can  be  seen 

Sometimes  it  is  desired  merely  to  establish  the  presence  of  basic  compounds 
wi^iout  distinguishing  between  organic  or  inorganic  bases  or  basic  salts.  It  is 
sufficient,  then,  to  stir  a  drop  of  the  equilibrium  solution  with  a  little  of  the  test 
ma  enal  on  a  spot  plate,  and  to  note  the  appearance  of  a  yellow-green  fluores- 
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Reagent:  Zinc  oxinate-equilibrium  solution.  Equal  volumes  of  1  %  zinc 
chloride  solution  and  1  %  water-alcohol  solution  of  8-hydroxy- 
quinoline  are  mixed.  The  precipitate  is  removed  by  filtration. 

This  procedure  revealed  the  basic  behavior  of : 

15  y  diethanolamine 
15  y  a-naphthylamine 
15  y  />-phenylenediamine 
5  y  benzidine 
10  y  tetrabase 


(2)  Test  for  basic  compounds  through  fixing  of  hydrogen  chloride  64 

If  organic  bases  (B)  are  taken  to  dryness  with  dilute  hydrochloric  acid, 
the  hydrochloride  results : 

B  +  HC1  -*  B-HC1  -»  [BH]C1 


Hydrochlorides  of  organic  bases  show  the  same  behavior  as  ammonium 
chloride,  i.e.,  they  can  be  heated  to  the  evaporation  temperature  (120°)  of 
aqueous  hydrochloric  acid  without  undergoing  significant  decomposition, 
provided  the  heating  period  is  brief.  The  water-soluble  chloride  in  the 
evaporation  residue  can  then  be  detected  through  the  precipitate  of  silver 
chloride  produced  on  the  addition  of  silver  nitrate. 

Very  weak  bases  do  not  seem  to  be  able  to  form  a  stable  union  with 
hydrochloric  acid ;  theobromine  is  a  typical  example.  However,  factors  other 
than  the  strength  of  the  bases  are  also  responsible  for  the  heat-stability  of 
solid  hydrochlorides  of  organic  bases,  particularly  the  duration  of  the  heating. 
This  is  shown  by  the  relatively  high  identification  limit  of  pyridine.  Am¬ 
photeric  compounds  in  which  the  basic  character  is  dominant,  glycocol  for 
instance  behave  like  the  organic  bases.  Water-soluble  amphoteric  compounds 
which  produce  zwitter  ions  (sulfanilic  acid,  naphthionic  acid,  etc.)  and  hence 
have  the  character  of  ammonium  salts,  do  not  bind  hydrochloric  acid,  or 
the  hydrochlorides  decompose,  with  evolution  of  hydrogen  chloride,  when 

kept  at  120°  for  a  short  time. 

The  detection  of  organic  bases  through  binding  of  hydrochloric  acid 
cannot  be  applied  in  the  presence  of  alkali-  and  ammonium  salts  of  organic 
carboxylic-  and  sulfonic  acids,  phenols,  amides  and  imides  of  acids  smcf 
these  compounds  form  alkali-  or  ammonium  chloride  when  evaporated  with 

b^he'aceB^add  solutions  of  organic  bases  can  ako  be  used  for  then: 
detection.  When  such  solutions  are  evaporated  with  hydrochloric  ac  d, 
acetic  acid  is  volatilized  and  the  hydrochlorides  of  the  bases  remain  behin  . 
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Procedure.  One  drop  of  the  test  solution  or  a  tiny  quantity  of  the  solid  ma¬ 
terial  (e.g.,  the  residue  after  evaporating  a  drop  of  an  ether  solution)  is  placed  in 
a  depression  of  a  black  spot  plate.  One  drop  of  dilute  hydrochloric  acid  is  added, 
the  mixture  is  taken  to  dryness,  and  the  plate  is  kept  for  2-5  minutes  in  an  oven 
heated  to  120°.  After  cooling,  one  drop  of  silver  nitrate  solution  is  added  and 
stirred  with  a  glass  rod.  If  silver  chloride  precipitates,  the  appearance  of  a  tur¬ 
bidity  (sometimes  only  after  several  minutes)  indicates  the  presence  of  basic 
compounds. 

Reagents:  1)  Hydrochloric  acid  (1  :  10) 

2)  Silver  nitrate,  5  %  solution  acidified  with  dilute  nitric  acid 


This  procedure  revealed: 

2  y  ethylenediamine 
2.5  y  benzidine 
5  y  a-naphthylamine 
25  y  o-phenanthroline 
50  y  caffein 


5  y  glycine 
2.5  y  cy stein 
25  y  sulfanilamide 
5  y  sulfathizaole 
5  y  8-hydroxyquinoline 


No  reaction  was  shown  below  500  y  by:  theobromine,  pyridine, a,  a'-dipyridyl. 


(3)  Test  for  acidic  compounds  with  iodide-iodate  mixture  65 

Water-soluble  acidic  compounds,  of  either  inorganic  or  organic  nature, 
liberate  iodine  from  a  colorless  solution  containing  both  iodide  and  iodate : 


5  I-  +  I08-  +  6  H+  ->  3  H20  +  3  I2 


(1) 


The  occurence  of  the  reaction  is  revealed  by  a  yellowing  of  the  solution,  or 
by  the  blue  color  which  appears  on  the  addition  of  starch  solution,  or  by 
extracting  the  iodine  with  chloroform  (violet  solution). 

If  the  reaction  with  iodide-iodate  solution  is  carried  out  in  a  closed  vessel, 
and  with  warming  (Procedure  I),  it  is  possible  to  detect  organic  acids  which 
are  so  weak  that  they  do  not  yield  a  sufficient  hydrogen  ion  concentration 
to  affect  dyestuff  indicators  at  all,  or  indecisively  at  most.  Such  acids  are 
usually  not  very  soluble,  and  their  reaction  with  iodide-iodate  is  due  in 
only  small  measure  to  the  fact  that  the  equilibrium : 


HAc  H+  +  Ac- 


is  shifted  toward  the  right  by  warming.  The  essential  feature  is  that  the  H+ 
ions  consumed  by  reaction  (2)  are  delivered  by  the  dissociation  equilibrium 
(  ),  which  quickly  reestablishes  itself  at  the  expense  of  the  weak  acid,  which 
thus  constantly  replenishes  the  supply  of  H+  ion.  Accordingly,  just  as  in  the 
tests  described  in  (2)  for  basic  materials,  the  present  procedure  takes  advan¬ 
tage  of  an  equilibrium  disturbance.  The  heating  in  a  closed  vessel  prevents 

£5? by  volatil,zation' of  the  iodine  which  is  *>  *  “  S 
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Water-insoluble  higher  mono-  or  dibasic  fatty  acids,  which  melt  at  low 
temperatures,  produce  iodine  in  accord  with  ( 1 ),  if  a  dry  mixture  of  the 
particular  acid  and  potassium  iodide  plus  iodate  is  brought  to  the  tempera¬ 
ture  of  a  boiling  water  bath,  or  if  the  mixture  is  vigorously  ground  at  room 
temperature  (Procedure  II).  Under  these  conditions,  topochemical  reactions 
of  non-hydrated  hydrogen  ions,  or  non-dissociated  or  slightly  dissociated 
acids,  that  are  brought  to  or  close  to  their  melting  points,  obviously  occur 
on  the  surface  of  the  solid  potassium  iodide  and  iodate. 


Procedure  I.  The  test  is  conducted  in  a  micro  test  tube  provided  with  a  glass 
or  rubber  stopper.  A  drop  of  the  alcohol  solution  of  the  acid  and  one  drop  each 
of  iodide  and  iodate  solutions  are  introduced.  The  test  tube  is  stoppered  and  held 
in  boiling  water  for  1  minute,  and  then  cooled.  A  drop  of  starch  solution  is  added 
and  the  mixture  shaken.  If  acids  are  present,  a  blue  to  violet  color  appears. 

Reagents:  1)  Potassium  iodide,  2  %  solution 

2)  Potassium  iodate,  4  %  solution 

3)  “Soluble”  starch,  0.1  %  solution 


This  procedure  established  acid  character  in: 


2  y  capric  acid 
5  y  lauric  acid 

4  y  myristic  acid 

5  y  palmitic  acid 
5  y  stearic  acid 

2  y  sebacic  acid 


CH3(CH2)8COOH 

CH3(CH2)10COOH 

CH3(CH2)12COOH 

CH3(CH2)14COOH 

ch3(ch2)16cooh 

(CH,)o(COOH)2 


If  the  highest  sensitivity  is  not  required,  fractions  of  a  milligram  of  the  solid 
non-dissolved  acids  can  be  warmed  directly  with  the  freshly  prepared  iod.de- 
iodate  mixture.  In  this  case,  3  or  4  drops  of  the  starch  solution  should  be  added 
to  produce  the  blue  iodine-starch  complex. 


Procedure  II.  A  drop  of  the  alcohol  solution  of  the  acid  is  evaporated  to 
dryness  in  a  micro  test  tube,  several  milligrams  of  potassium  iodate  containing 
potassium  iodide  added,  and  mixed  intimately  by  means  of  a  thin  glass  rod. 
When  larger  amounts  of  acid  are  involved,  the  production  of  free  iodine  is  reveal- 
ed  directly  by  the  mixture  assuming  a  yellow-brown  color.  Small  quantities  of 
liberated  Line  are  detected,  as  in  Procedure  I,  by  adding  starch  solution. 

Potassium  iodate  containing  iodide.  Finely  powdered  potassium 
iodate  is  heated  to  incipient  fusion  in  a  quartz  crucible  (KIO, 
partially  converted  to  KI).  The  cooled  mass  is  pulverized. 
Sometimes,  the  product  is  light  yellow,  but  it  gives  neither  an 
alkaline  reaction  nor  does  it  respond  to  the  starch  test. 

2)  ..Soluble”  starch,  0.1  %  aqueous  solution 


Reagents:  1 ) 
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The  following  revealed  acid  character  when  carried  through  this  procedure. 

Melting  Point 


5  y  capric  acid 

31° 

10  y  lauric  acid 

44-48' 

5  y  myristic  acid 

58° 

10  y  palmitic  acid 

64° 

10  y  stearic  acid 

69.4° 

5  y  sebacic  acid 

133° 

Procedures  I  and  II  can,  of  course,  be  applied  also  for  detecting  acids  of 
medium  strength  and  which  are  only  slightly  soluble  in  water  (adipic  acid, 
benzoic  acid,  etc.). 

If  carboxylic  or  sulfonic  acids  do  not  volatilize  or  sublime  at  110-120°, 
they  will  remain  when  solutions  of  their  ammonium  salts  are  taken  to  dryness 
and  the  evaporation  residue  heated  to  120°.  The  ammonia  is  released  and 
evolves.  Accordingly,  if  an  organic  mixture  is  to  be  tested  for  carboxylic  or 
sulfonic  acids,  the  sample  can  be  digested  with  ammonia  water,  filtered  if 
necessary,  and  a  drop  of  the  clear  filtrate  evaporated  in  a  micro  test  tube. 
The  residue  is  kept  at  120°  for  10-20  minutes,  cooled,  and  then  tested  with 
iodide-iodate  solution  by  Procedure  I  or  II.  An  indication  of  the  attainable 
identification  limits  is  given  by  the  fact  that  5  y  sulfosalicylic  and  5  y  benzoic 
acid  could  be  detected  in  this  manner. 

Another  general  test  for  carboxylic  and  sulfonic  acids  is  given  on  page  330. 


(4)  Detection  of  volatile  acids  66 

Those  carboxylic  acids,  which  volatilize  to  a  marked  degree  when  heated 
to  100°,  or  which  are  volatile  with  steam,  can  be  detected  through  the 
production  of  iodine  when  the  acid  vapors  are  brought  into  contact  with 
iodide-iodate  solution.  The  test  can  be  accomplished  with  the  respective 
alkali-  or  alkaline  earth  salts  by  warming  the  solid  sample  or  a  drop  of  a 
neutral  solution  with  concentrated  phosphoric  acid.  The  procedure,  described 
on  page  178  for  the  detection  of  the  acetyl  group  is  followed.  Those  acids 
whose  vapors  evolved  at  water  bath  temperature  react  immediately  upon 
iodide-iodate  solution  include:  formic,  acetic,  propionic,  lactic,  salicylic. 
Hydrocyanic  acid,  in  considerable  amounts,  interferes  because  of  the  forma¬ 
tion  of  cyanogen  iodide.  Likewise,  considerable  quantities  of  carbonates  must 
not  be  present,  since  carbonic  acid  reacts  to  a  noticeable  extent  on  iodide- 
iodate  solution.  Cyanides  and  carbonates  can  be  decomposed  by  warming 
the  sample  with  the  least  possible  excess  of  dilute  phosphoric  acid.  (The 
dyestuff  indicator  should  just  show  its  acidic  color.)  After  the  decomposition 
is  complete,  a  drop  of  the  acid  solution  or  suspension  should  be  taken  for 
the  detection  of  volatile  carboxylic  acids. 
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When  the  ammonium  or  sodium  salts  were  used,  the  reaction  was  posi¬ 
tive  with 

2  y  formic  acid 
5  y  acetic  acid 
2.5  y  propionic  acid 
100  y  lactic  acid 
10  y  benzoic  acid 
10  y  salicylic  acid 

The  procedure  just  given  cannot  be  applied  directly  in  the  presence  of 
alkali-  or  alkaline  earth  chlorides,  bromides,  or  iodides,  since  the  respective 
halogen  hydracids  are  evolved  when  these  salts  are  warmed  with  concen¬ 
trated  phosphoric  acid.  A  test  for  halides  can  be  made  by  means  of  silver 
nitrate  in  a  separate  portion  acidified  with  nitric  acid.  If  the  result  is  positive, 
all  the  halide  can  be  removed  from  the  test  solution  by  precipitation  with 
silver  sulfate.  The  test  for  volatile  carboxylic  acids  is  then  carried  out  with  a 
drop  of  the  filtrate,  or  a  drop  of  the  unfiltered  silver  halide  suspension  can 
be  used.  Since  silver  sulfate  is  not  very  soluble,  it  is  perhaps  best  to  add 
it  in  solid  form. 


(5)  Detection  of  organic  acids  through  fixing  of  ammonia  67 

When  the  ammonium  salts  of  weak  organic  acids  are  heated  to  120°,  they 
rapidly  decompose  and  lose  all  of  their  ammonia.  In  contrast,  the  ammonium 
salts  of  strong  and  moderately  strong  carboxylic  and  sulfonic  acids  de¬ 
compose  at  this  temperature  to  a  great  extent  but  not  completely.  An 
exception  is  found  in  ammonium  formate,  which  is  entirely  decomposed 
even  though  formic  acid  is  a  strong  acid.  The  reason  for  this  divergent 
behavior  is  the  volatility  of  formic  acid.  The  formation  of  heat-stable 
ammonium  salts  can  be  readily  detected  by  evaporating  the  test  material 
to  dryness  with  ammonia  and  then  heating  the  residue  to  120  .  If  the  residue 
gives  a  positive  response  (red-brown  precipitate  of  HgI2-HgNH2I)  on  treat¬ 
ment  with  Nessler  solution,  the  presence  of  a  strong  or  medium  strong 

organic  acid  is  indicated.  .  . , 

The  direct  application  of  the  test  requires  the  absence  of  mineral  acids 

and  of  ammonium  salts  of  inorganic  and  organic  acids.  (Ammonium  sa  ts 
can  be  converted  into  alkali  salts  by  warming  with  alkali  hydroxide  solu¬ 
tion  )  If  salts  of  organic  or  basic  solutions  of  alkali  salts  are  presented  or 
examination,  the  sample  can  be  fumed  with  hydrochloric  acid  and  then 
heated  to  120“  to  remove  the  unused  hydrochloric  acid.  Tins  treatment 
leaves  behind  the  non-volatile  organic  acids,  which  are  then  converte  o 
their  ammonium  salts  by  evaporation  with  ammonia  Salts  of  nitrogen  bases 
must  not  be  present,  because  they  are  decomposed  on  evaporation  with 
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ammonia  with  liberation  of  the  base  and  production  of  the  corresponding 


ammonium  salt. 


Procedure.  One  drop  of  the  test  solution  or  a  pinch  of  the  solid  is  placed  in  a 
microcrucible  and  taken  to  dryness  with  a  drop  of  ammonia.  The  residue  is  kept 
at  120°  for  a  minute  or  two  in  an  oven.  After  cooling,  a  drop  of  Nessler  solution 
is  added.  A  red-brown  precipitate  or  a  yellow  color  indicates  the  presence  of 

strong  or  medium  strong  organic  acids. 

Reagents:  1 )  Ammonia,  concentrated  (free  of  ammonium  salts) 


2)  Hydrochloric  acid,  dilute  (free  of  ammonium  salts) 

3)  Nessler  solution:*  50  g  potassium  iodide,  dissolved  in  35  ml 
water,  is  treated  with  saturated  mercuric  chloride  solution  until 
a  slight  precipitate  persists.  Then  400  ml  of  9  N  sodium  or 
potassium  hydroxide,  clarified  by  sedimentation,  is  added.  The 
solution  is  diluted  to  1000  ml,  allowed  to  settle,  and  decanted. 


This  procedure  revealed: 


10  y  mandelic  acid 
10  y  phthalic  acid 
10  y  sulfanilic  acid 


5  y  oxalic  acid 
10  y  citric  acid 


5  y  tartaric  acid 
5  y  malonic  acid 
10  y  succinic  acid 


5  y  sulfosalicylic  acid 
4  y  pyrocatechindisulfonic  acid 


No  reaction  was  given  by  acetic,  formic,  aminoacetic,  propionic  acid. 

Another  general  test  for  carboxylic  and  sulfonic  acids  is  given  on  page  330. 

(6)  Detection  of  volatile  bases 

The  general  tests  for  basic  compounds  with  nickel  dimethylglyoxime  -  or 
zinc  oxinate  -  equilibrium  solutions  (see  page  90)  permit  selective  tests  for 
those  organic  bases  which  volatilize  on  warming  or  which  are  evolved  to 
a  considerable  measure  with  steam.  Such  bases,  which  usually  are  of  medium 
strength,  react  in  the  vapor  phase  with  the  equilibrium  solutions  and  precipi¬ 
tate  red  nickel  dimethylglyoxime,  or  zinc  oxinate  which  exhibits  a  yellow- 
green  fluorescence.  The  bases  in  the  present  category  include  the  primary, 
secondary,  and  tertiary  aliphatic  amines,  which  are  volatile  at  room  tempera¬ 
ture,  and  also  heterocyclic  bases,  such  as  pyridine,  quinoline,  piperidine. 


When  testing  for  volatile  bases,  it  is  best  to  start  with  water  solutions  of 
their  salts,  which  are  readily  prepared  by  digesting  the  test  material  with 
dflute  mineral  acids.  The  organic  bases  are  liberated  from  these  solutions 
(which  need  not  be  free  of  any  acid-insoluble  material)  by  warming  with  an 
excess  of  alkali-  or  alkaline  earth  hydroxide.  Amides  of  carboxylic  and 
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sulfonic  acids  with  primary  or  secondary  organic  bases  are  saponified  by 
alkali  and  the  volatile  bases  driven  off  by  warming. 

The  test  for  volatile  organic  bases  by  means  of  their  reaction,  in  the  vapor 
phase,  with  equilibrium  solutions  is  not  applicable  when  ammonium  salts 
are  present,  since  the  latter  yield  ammonia.  A  separate  test  for  ammonium 
salts  should  be  made  with  Nessler  solution. 

Procedure. 68  A  drop  of  the  weakly  acid  test  solution  and  a  drop  of  sodium 
hydroxide  are  mixed  in  the  bulb  of  the  apparatus  shown  in  Fig.  23  (page  40).  One 
drop  of  equilibrium  solution  is  placed  on  the  knob  of  the  stopper.  The  apparatus 
is  closed  and  placed  in  boiling  water  for  1  or  2  minutes.  If  volatile  bases  are  pre¬ 
sent,  red  nickel  dimethylglyoxime  precipitates  in  the  hanging  drop,  or  zinc 
oxinate,  which  fluoresces  yellow-green  in  ultraviolet  light,  is  formed. 

Reagents:  1)  Sodium  hydroxide,  2  N 

2)  Equilibrium  solutions,  see  pages  91,  92 

This  procedure  gave  positive  results 

(a)  with  nickel  dimethylglyoxime  equilibrium  solution: 

15  y  pyridine  100  y  ethylenediamine 

methylamine  ethanolamine 

aniline 

(b)  with  zinc  hydroxyquinoline  equilibrium  solution: 

5  y  pyridine  2,5  y  ethylenediamine 

0,  ly  methylamine  10  y  ethanolamine 

aniline 


14.  Orientation  Tests  Based  on  Redox  Reactions 

The  combustion  tests  given  in  this  chapter  and  the  detection  of  metallic 
and  nonmetallic  elements,  bound  directly  or  indirectly  to  carbon,  admittedly 
are  redox  reactions  in  their  end  effect.  However,  they  do  not  involve  re¬ 
actions  of  the  intact  test  material,  but  rather  redox  reactions  of  the  cleavage 
products  obtained  by  heating  or  dehydration.*  All  organic  compounds  can 
be  subjected  to  a  decomposition  of  this  kind,  even  though  the  volatility  of 
the  sample  may  or  may  not  require  the  taking  of  certain  precautions.  In 
contrast  there  are  relatively  few  organic,  metallo-organic,  and  mixed  in¬ 
organic-organic  compounds  that  enter  directly  into  stoichiometrically 
defined  redox  reactions.  Such  cases  always  involve  the  activity  of  certain 
groups  in  the  molecule,  on  which  the  reaction  begins,  and  the  carbon 
skeleton  may  either  be  preserved  or  it  may  split  in  characteristic  fashion  at 
certain  places.  The  test  for  oxidation  or  reduction  effects  exerted  by  organic 
materials  consequently  furnishes  leads  regarding  the  presence  or  absence 

.  Of  course  there  is  no  reversibility  here  in  the  sense  of  regenerating  the  initial  substance  by 
altering  the  variables  of  state. 
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of  particular  types  of  compounds.  As  a  guiding  principle,  it  may  be  taken 
that  in  such  tests,  which  are  always  carried  out  in  the  wet  way,  the  over¬ 
whelming  majority  of  all  organic  compounds  prove  to  be  indifferent,  and 
that  reducing  actions  are  encountered  more  frequently  than  oxidation 
effects. 


( 1 )  Oxidation  effects  of  organic  compounds 

In  inorganic  analysis,  the  criterion  for  oxidizing  compounds  is  their 
ability  to  release  iodine  from  an  3.cid  solution  of  alkali  iodide.  This  effect, 
which  of  course  can  be  expected  only  of  oxidants  which,  as  such,  or  in  the 
form  of  the  reaction  products,  have  a  perceptible  solubility  in  dilute  acids, 
can  be  established  in  the  case  of  certain  quinones  and  quinone-imide  com¬ 
pounds  (both  colored),  with  organic  derivatives  of  hydrogen  peroxide 
(colorless),  and  also  for  salts  of  organic  bases  with  inorganic  acids,  which 
themselves  oxidize  hydriodic  acid.  Chloramine  (water-soluble)  also  is  in¬ 
cluded  in  this  category. 

The  redox  reaction  between  hydrogen  peroxide  and  iodine  in  acid  solution 
proceeds  too  slowly  to  serve  as  the  basis  of  a  test  for  organic  per- 
compounds;  the  oxidation  of  black  lead  sulfide  to  white  lead  sulfate,  which 
can  be  conducted  as  a  spot  reaction,  is  very  well  suited  for  this  purpose.69 

Characteristic  effects  can  be  observed  when  the  oxidants  just  cited  react 
with  the  light  green  suspensions  of  iron  (II)  hydroxide;  the  same  holds  for 
nitro-  and  nitroso  compounds,70  which  participate  in  the  following  redox 
reactions,  whose  occurrence  is  manifested  by  a  change  from  green  to  brown : 

RN02  +  6  Fe(OH)2  +  4  H20  ->  RNH2  +  6  Fe(OH)3 
RNO  +  4  Fe(OH)2  +  3  H20  -*  RNH2  +  4  Fe(OH)3 


Iron  (II)  hydroxide  is  likewise  oxidized  by  those  organic  derivatives  of 
hydroxylamine  and  hydrazine  which  can  be  split  by  alkali  hydroxide.  The 
basis  of  this  test  lies  in  the  fact  that  hydroxylamine  and  hydrazine,  (and  also 
nitrites)  which  normally  are  reductants  in  the  presence  of  alkali  hydroxide 
are  reduced  to  ammonia  by  Fe(OH)„  and  consequently  they  function  as 
oxidants  with  respect  to  this  hydroxide. 

Under  suitable  conditions,  nitro-  and  nitroso  compounds  can  be  reduced 
by  nascent  hydrogen  to  compounds  which,  in  their  turn,  can  be  detected 
by  their  reducing  action  toward  Fehling  and  Tollens  reagents  (see  page  103) 
In  view  of  the  fact  that  organic  per-  compounds  are  present  only  in¬ 
frequently,  no  precise  description  of  the  sensitive  test  with  lead  sulfide  paper 
W‘U  be  given  here.  Details  can  be  found  in  Volume  I,  page  325 
It  should  be  noted  with  respect  to  the  ferrous  hydroxide  test  that  the 
color  change  of  the  light  green  iron  (II)  to  the  brown  iron  (III)  hydroxide 
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is  clearly  visible  only  in  the  absence  of  colored  compounds.  The  following 
procedure  is  recommended  for  small  quantities  of  nitro-  and  nitroso  com¬ 
pounds,  etc. 

Procedure. 71  A  drop  of  an  acidic  ferrous  ammonium  sulfate  solution  is 
treated  in  a  small  test  tube  with  a  drop  of  the  test  solution,  mixed  with  water, 
alcohol,  or  dioxane,  and  then  some  sodium  bicarbonate  is  added.  Sufficient  al¬ 
kalinity  is  thus  provided  and  also  a  carbon  dioxide  atmosphere,  which  combats 
the  autoxidation  of  the  iron  (II)  hydroxide. 

Reagents:  1 )  Ferrous  ammonium  sulfate:  0.1  %  solution  in  10  %  sulfuric 
acid.  The  solution  should  be  freshly  prepared  just  before  the 
test 

2)  Sodium  bicarbonate  (solid) 

Positive  results  were  given  by: 

30  y  nitrobenzene 

25  y  o-nitrobenzoic  acid 


(2)  Reduction  effects  of  organic  compounds 

Qualitative  inorganic  analysis  utilizes  a  general  test  for  reducing  com¬ 
pounds  which  is  based  on  their  ability  to  discharge  immediately  the  color  of 
acid  solutions  of  iodine  (in  alkali  iodide),  with  addition  of  starch,  if  needed. 
Since  the  action  of  acidic  iodine  solutions  on  organic  compounds  ordinarily 
proceeds  sluggishly  and  to  not  more  than  slight  extent,  no  preliminary  test 
for  reducing  organic  compounds  can  be  based  on  this  action.  Suitable 
reactions  are  provided  by  (a)  periodic  acid  in  acid  solution,  ( b )  a  buffered 
solution  of  phosphomolybdic  acid,  and  (c)  alkaline  masked  copper  (II) 

solutions. 


(a)  Reduction  of  periodic  acid  72 

Periodic  acid  has  a  selective  oxidizing  action  upon  compounds  with  two 
hydroxyl  groups  attached  to  adjacent  carbon  atoms.  Such  compounds, 
dissolved  in  water  or  dioxane,  give  the  reaction : 


R2CH(OH)CH(OH)R2  +  hio4  -  2  R2CHO  +  hio3  +  h2o 

Compounds  which  contain  a  >C(OH)-group  adjacent  to  a  or 

\c _ N  H  2-group,  and  also  compounds  which  contain  a  —CO— CO-group, 

likewise  react  with  periodic  acid  with  production  of  iodic  acid: 

R1CH(OH)CH(NH)2R2  +  HIO,  -*  RxCHO  +  R2CHO  +  hio3  +  NH3  (2) 
R.CH(OH)COR2  +  HIO,  RxCHO  +  R2COOH  +  HIO, 

RjCOCOR2  +  HIO,  +  H20  ->  RjCOOH  +  R,COOH  +  HI03 

It  is  likely  that  redox  reactions  (2)-(4)  do  not  proceed  directly,  but  are 
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preceded  by  more  or  less  extensive  reactions  of  water  with  the  CNH2-  and 
CO-groups  contained  in  the  starting  compounds . 


nh2  +  h2o 


-^C(OH)  +  NH3 


c  o  +  h2o 


\  /OH 

c 

/  \OH 


These  reactions  accordingly  produce  1,2  glycols,  which  then  react  with 
periodic  acid  as  per  {!).*  The  relative  velocity  of  the  oxidation  by  periodic 
acid  is:  1,2  glycols  >  a  -hydroxyaldehydes  >  a  -hydroxy ketones  >  1,2 
diketones  >  a  -hydroxy  acids. 

The  iodic  acid  (or  I03“  ions)  resulting  from  reactions  ( l)-{4 )  can  be  de¬ 
tected  by  adding  silver  nitrate;  silver  iodate,  which  is  not  soluble  in  dilute 
nitric  acid,  precipitates.  Since  I04~  ions  are  not  precipitable  by  Ag+  ions, 
a  silver  nitrate-nitric  acid  solution  can  be  used  as  reagent  for  alkali  iodate 
(compare  below). 

Compounds,  which  under  the  conditions  of  the  test  hydrolyze  to  1,2 
glycols,  a-hydroxyaldehydes,  etc.,  can  also  be  detected  by  the  behavior 
toward  periodic  acid.  The  detection  of  anhydrides  of  1,2-glycols,  the  so- 
called  epoxides,74  whose  cleavage  proceeds: 


— HC- 


CH— 


-o- 


+  h2o 


— HC - CH— 

I  I 

OH  OH 


has  practical  importance.  It  may  be  assumed  that  all  hydrolytic  splittings 
are  rapid  and  extensive  when  hydrolysis  products  react  with  periodic  acid 
and  are  thus  removed  from  the  hydrolysis  equilibrium. 

When  testing  the  behavior  of  organic  materials  toward  periodic  acid,  it 
must  be  remembered  that  in  addition  to  the  hydroxy-  and  oxo-compounds 
noted  above,  thiols  (mercaptans  and  thiophenols)  as  well  as  sulfinic  acids  and 
disulfides,  likewise  reduce  periodic  acid.  The  same  is  true  of  hydrazones,  acid 
hydrazides,  aldoximes  and  ketoximes,  which  are  cleaved  under  the  conditions 
of  the  test  and  yield  alkyl  hydrazine,  hydrazine,  or  hydroxylamine,  which 
in  turn  reduce  periodic  to  iodic  acid. 


Procedure. 75  One  drop  of  the  (aqueous  or  dioxane)  test  solution  is  mixed 
with  one  drop  of  the  reagent  solution  in  a  depression  of  a  black  spot  plate.  A 


is  fnrt  jw  ,Tn,  ratG  StudlGS  there  15  evidence  an  intermediate  compound 

*  T  d  be^ween.  the  1,2-glycol  and  periodic  acid  before  the  carbon-carbon  bond  is  broken 
This  intermediate  is  beheved  to  be  a  cyclic  ester  of  periodic  acid :  ™ 


HC— 0\ 

I  I— O 

HC— 0/ 
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positive  response  is  signalled  by  the  appearance  (immediate  or  after  1-5  minutes) 
of  a  white  or  light  yellow  precipitate  *  or  turbidity. 

Reagent'.  Potassium  periodate  solution  containing  silver  nitrate.  Add  2  ml  of 
concentrated  nitric  acid  and  2  ml  of  10  %  silver  nitrate  solution  to 
25  ml  of  2  %  potassium  periodate  solution.  A  yellow  precipitate 
sometimes  develops  when  the  reagent  stands  for  some  time;  it  may 
be  filtered  off. 

The  following  attainable  identification  limits  give  an  idea  of  the  sensitivity  of 
the  periodic  acid  test: 


50  y  maltose 
50  y  tartaric  acid 
2.5  y  glycerol 
2.5  y  mannitol 
5  y  galactose 


5  y  glucose 
5  y  ascorbic  acid 
5  y  diacetyl 

2.5  y  o,  m-pyridine  carboxylic  acid  hydrazide 
5  y  />-pyridine  carboxylic  acid  hydrazide 


Phenylhydrazine,  benzil,  benzoin,  dimethylglyoxime  gave  a  positive  response. 


( b )  Reduction  of  phosphomolybdic  acid  77 


As  pointed  out  (page  77)  in  connection  with  the  detection  of  phosphorus 
in  organic  compounds,  the  molybdenum  (VI)  in  the  anions  of  the  complex 
phosphomolybdic  acid  H3P04T2Mo03-aq  is  much  more  readily  reduced  to 
the  so-called  molybdenum  blue  [molybdenum  (V)]  than  in  the  normal 
molybdate  anions.  In  mineral  acid  solutions,  this  enhanced  reactivity 
appears  only  toward  strong  reducing  agents  (compare  detection  of  ascorbic 
acid,  page  304).  However,  with  proper  buffering,  weak  reductants  likewise 
produce  molybdenum  blue  from  phosphomolybdic  acid,  and  this  fact  provides 
a  simple  preliminary  test  for  reducing  organic  compounds.  It  is  not  necessary 
to  establish  a  particular  pH  in  order  to  realize  this  redox  reaction.  It  is 
sufficient  to  treat  the  sample  or  its  acid  solution  with  phosphomolybdic  acid 
and  excess  ammonia.  In  this  way,  the  pH  region  essential  to  the  production 
of  molybdenum  blue  is  traversed.  Excess  ammonia  does  not  affect  the 
molybdenum  blue  produced  and  decomposes,  with  discharge  of  color,  the 
yellow  phosphomolybdate  ion : 

[P0412  Mo03]~3  -f  24  OH-  -*■  P04-3  +  12  Mo04-2  +  12  H20 


It  is  remarkable,  and  also  a  sign  of  the  rapidity  of  the  redox  reaction,  that 
the  latter  occurs  even  before  the  alkaline  decomposition  of  the  phosphomo¬ 
lybdate,  which  likewise  is  a  very  fast  reaction.  The  reason  may  be  that 


*  A  yellow  precipitate  results  from  the  reduction  of  iodic  acid  to  iodide  by  many  organic 
compound  with  consequent  production  of  yellow  silver  iodide.  The  selective  reduction  o^  iodic 
”d  ™  “arming  with  water-soluble  organic  compounds  has  been  recommended 7  for  the 
detection  of  simple  alcohols,  aldehydes,  methyl  ketones,  phenols, .and  am  dcnva 
iodate  test  is  not  reliable  in  the  form  of  spot  reactions  as  proved  by  F.  be.gl  and  D.  Goldsten  , 

unpublished  studies. 
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even  in  acid  solutions  there  is  a  union  of  the  phosphomolybdic  acid  with 
the  reducing  organic  compound.  This  is  certainly  the  case  with  organic 
bases,  as  proven  by  their  precipitability,  from  acid  solution,  as  yellow 
crystalline  phosphomolybdates. 

Procedure.  A  drop  of  the  neutral  or  acid  test  solution  is  mixed  in  a  depression 
of  a  spot  plate  with  a  drop  of  phosphomolybdic  acid  solution  and  then  a  drop  of 
ammonia  is  added.  A  blue  to  blue-green  color  indicates  the  presence  of  reducing 
materials. 

Reagents:  1)  Phosphomolybdic  acid,  5  %  water  solution 
2)  Ammonia,  concentrated 

Molybdenum  blue  was  formed  by  this  procedure  by: 

10  y  salicylaldehyde  0.25  y  p-phenylenediamine 

0.05  y  resorcinol  0.1  y  diphenylamine 

5  y  semicarbazide  0.1  y  tetramethyldiamino-diphenylmethane 

0.2  y  benzidine  0.1  y  picolinic  acid  hydrazide 

(c)  Reduction  of  Feliling  and  Tollens  reagent 

Fehling  reagent  intended  for  the  detection  of  reducing  compounds  (par¬ 
ticularly  reducing  sugars)  78  is  prepared  just  prior  to  use  by  mixing 
equal  volumes  of  copper  sulfate  solution  (7.5  g  crystallized  salt  in  100  ml 
water)  and  an  alkaline  solution  of  sodium  potassium  tartrate  (35  g  tartrate 
plus  25  g  potassium  hydroxide  in  100  ml  water).  The  reagent  contains 
anionically  bound  copper,  which  is  masked  against  precipitiation  by  OH~ 
ions.*  However,  the  slight  concentration  of  Cu+2  ions  in  Fehling  solution 
is  sufficient  to  react,  on  warming,  with  organic  compounds,  which  can 
function  as  strong  reducing  agents  in  alkaline  solution.  Copper  (I)  oxide  (or 
oxybydrate)  is  precipitated;  its  color  (yellow  to  red)  depends  on  the  degree 
of  dispersion  and  the  particle  size  of  the  precipitate.  Sugars  (aldoses,  ketoses), 
phenylhydrazine  and  other  organic  derivatives  of  hydrazine  (acid  hydrazides) 
react  with  warm  Fehling  solution.  When  conducted  as  a  spot  reaction  in 
a  micro  test  tube,  the  sensitivity  of  the  Fehling  test  is  low;  in  general, 

milligram  quantities  of  the  reducing  substances  are  needed  to  produce  a 
decisive  result. 

A  far  more  sensitive  test  of  wider  applicability  to  reducing  compounds  is 
provided  by  a  solution  of  silver  oxide  in  ammonia.  This  so-called  Tollens 
reagent 78  contains  [Ag(NH3)2]+  and  OH-  ions.  Solutions  of  reducing  com¬ 
pounds,  or  the  corresponding  solids,  react  with  this  reagent,  in  the  cold  or 
on  warming  to  produce  elementary  silver  as  a  black  precipitate,  which  often 
forms  an  adherent  shiny  mirror  on  the  walls  of  the  reaction  vessel.  The 
production  of  this  characteristic  silver  coating  is  favored  if  the  vessel,  in 

*  Regarding  the  mode  of  bonding  of  the  copper  see  F.  Feigl,  Ref.  21,  p.  92. 
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which  the  redox  reaction  with  Tollens  reagent  is  to  be  carried  out,  is  treated 
beforehand  for  several  minutes  with  warm  10  %  sodium  hydroxide  solution 
and  then  rinsed  with  distilled  water. 

The  reagent  must  be  prepared  just  before  use  and  must  not  be  stored, 
since  the  solution  decomposes  on  standing  and  deposits  silver  fulminate, 
which  is  highly  explosive  when  dry.  As  soon  as  the  test  is  completed,  the 
mixture  should  be  poured  into  the  drain  and  flushed  down. 

Tollens  reagent  oxidizes  sugars,  polyhydroxyphenols,  aminophenols, 
alkyl-  and  arylhydroxylamines,  hydrazines,  etc.80 

Procedure.  The  test  is  conducted  in  a  micro  test  tube  or  in  an  Emich  centri¬ 
fuge  tube.  A  drop  of  the  test  solution  is  mixed  with  a  drop  of  the  reagent  (centri¬ 
fuge,  if  necessary)  and  then  placed  for  15-30  seconds  in  water  warmed  to  70-85°. 
A  deposition  of  metallic  silver  indicates  reducing  compounds.  A  blank  test  is 
essential. 

Reagent:  Tollens  solution:  1  ml  of  10  %  silver  nitrate  solution  is  treated  with 
1  ml  of  10  %  sodium  hydroxide  solution;  the  precipitate  of  silver 
oxide  is  dissolved  by  drop- wise  addition  of  ammonia  (1  :  1). 

An  idea  of  the  sensitivity  of  the  test  is  given  by  the  detection  of  the  following 

quantities  of  reducing  materials: 

0.1  y  formaldehyde 
5  y  m-hydroxybenzaldehyde 
1  y  galactose 
0.5  y  glucose 

0.25  y  isonicotinic  acid  hydrazide 

Compounds  which  reduce  in  alkaline  solution  can  be  brought  to  reaction 
directly  with  silver  oxide,  instead  of  Tollens  reagent,  and  the  unused  silver 
oxide  dissolved  by  ammonia."1  This  test  can  be  carried  out  as  a  sensitive 
spot  reaction  on  paper  (compare  page  286). 


15.  Tests  with  the  Le  Rosen  Formalin  Reaction 
and  the  Ehrlich  Diazo  Reaction 

The  sensitive  color  reactions  with  formalin-sulfuric  acid  and  diazotized 
sulfanilic  acid,  respectively,  are  easily  conducted  as  spot  tests.  A  positive 
response  to  the  former  (7)  indicates  the  presence  of  aromatic  hydrocarbons 
and  certain  neutral  or  acid  derivatives  of  these  hydrocarbons.  The  pos.t.ve 
or  negative  response  to  the  latter  test  (2)  indicates  the  presence  or  absence 
of  aromatic  hydroxy-  and  ammo  compounds. 


(7)  Formalin-sulfuric  acid  reaction 

Concentrated  sulfuric  acid  containing  formaldehyde  reacts,  at  room 
temperature  or  on  gentle  warming,  with  .aroniat.c  hydrocarbons,  phen  , 
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thiophene,  etc.  Red,  violet,  green  precipitates  or  colorations  appear.  The 
same  color  reactions  occur  if  formaldehyde  is  added  to  solutions  or  sus¬ 
pensions  of  these  organic  compounds  in  concentrated  sulfuric  acid.  The 
composition  of  the  colored  product  is  not  known.  Although  experimental 
proof  is  lacking,  it  seems  likely  that  the  concentrated  sulfuric  acid,  which 
is  both  an  oxidant  and  dehydrant,  brings  about  a  condensation  of  the 
aromatic  compounds  with  formaldehyde,  and  then  oxidizes  the  resulting 
methylene  compounds  to  colored  />-quinoidal  compounds.  Accordingly, 
benzene  and  carbolic  acid  (phenol)  would  undergo  the  reactions: 


>=0  +  3  H20  +  2  S02 


+  ch2o 


CH. 


OH  +  H2S04 


HO 


CH= 


o 


■=0  +  2  H20  -+ 


In  accord  with  this  tentative  explanation,  which  can  also  apply  to  deriva¬ 
tives  of  benzene  and  carbolic  acid,  the  color  reaction  occurs  only  with  those 
aromatic  compounds  which  condense  with  formaldehyde  to  produce  such 
methylene  compounds  as  possess  a  free  para  position  or  a  para  OH-group 
in  order  that  an  oxidation  to  colored  />-quinoidal  compounds  can  ensue 
through  the  action  of  the  concentrated  sulfuric  acid.  These  conditions  are 
satisfied  in  the  case  of  pure  aromatic  hydrocarbons  and  also  by  phenols 
with  a  free  para  position.  On  the  other  hand,  when  dealing  with  substituted 
aromatic  hydrocarbons  and  phenols,  it  must  be  kept  in  mind  that  the  groups 
bound  to  the  ring  may  retard  or  prevent  the  condensation  with  formalde¬ 
hyde,  or  it  may  take  place  at  positions  where  an  oxidation  to  colored 
quinoidal  products  is  impossible.  A  hindering  of  this  kind  is  probably 
responsible  for  the  discovery  that  some  aromatic  compounds  do  not  react 
at  all  with  formaldehyde-sulfuric  acid,  or  only  after  long  standing  and 
warming  (see  page  108).  However,  even  small  amounts  of  so  many  aromatic 
compounds  do  give  the  color  reaction,  and  the  colors  are  so  characteristic, 
that  this  rapid  test  of  the  behavior  of  a  sample  toward  formaldehyde- 
sulfuric  acid  has  considerable  orienting  value. 


S02 
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When  making  the  test  with  formaldehyde-sulfuric  acid,  it  must  be  kept 
in  mind  that  some  organic  compounds  dissolve  in  concentrated  sulfuric 
acid  with  formation  of  colored  products.  Possibly,  these  are  colored  solvates, 
but  there  is  also  much  likelihood  that  condensation  and  oxidation  reactions 
have  resulted  from  the  action  of  the  concentrated  sulfuric  acid.  Therefore, 
the  behavior  of  the  test  material  toward  concentrated  sulfuric  acid  should 
be  determined  in  advance.  If  a  color  appears,  which  is  altered  on  the  addition 
of  formaldehyde  or  formaldehyde-sulfuric  acid,  it  may  be  taken  as  an 
indication  of  the  presence  of  reactive  aromatic  compounds.  When  con¬ 
siderable  amounts  of  the  colored  quinoidal  compounds  result,  the  color 
frequently  becomes  darker  after  a  while.  Possibly  this  effect  is  due  to  a 
partial  carbonization  by  the  concentrated  sulfuric  acid. 

The  state  of  aggregation  is  not  an  essential  factor  when  aromatic  com¬ 
pounds  react  with  formaldehyde-sulfuric  acid,  i.e.,  the  sample  may  be  solid, 
liquid,  gaseous,  or  dissolved  in  organic  liquids,  Procedure  I  will  indisputably 
reveal  aromatic  hydrocarbons  and  phenols,  which  have  a  distinct  vapor 
pressure  at  room  temperature.  Procedure  II  is  applicable  to  solid,  liquid, 
or  dissolved  samples;  in  this  case,  however,  in  contrast  to  I,  a  negative 
result  cannot  be  taken  as  proof  of  the  absence  of  aromatic  compounds. 


Procedure  I.  83  A  little  of  the  solid  or  liquid  sample  is  placed  in  the  bulb  of 
the  apparatus  pictured  on  page  40,  or  a  drop  of  the  ether  test  solution  is  evapo¬ 
rated  there  by  brief  immersion  in  warm  water.  A  drop  of  the  reagent  solution  is 
placed  on  the  knob  of  the  stopper;  the  apparatus  is  closed,  and  placed  in  hot 
water  (60-80°).  After  2-3  minutes,  the  drop  on  the  knob  is  transferred  (by  wip¬ 
ing)  to  a  depression  of  a  white  spot  plate.  A  more  or  less  intense  color  indicates 
the  presence  of  volatile,  reactive  aromatic  compounds. 

If  a  solution  in  ether  is  used,  and  the  solvent  evaporated,  considerable  amounts 
of  benzene,  toluene,  and  phenol  are  carried  along  with  the  ether  vapors  and  re¬ 
moved  from  the  test.  Such  losses  can  be  prevented  by  first  placing  one  or  two 
drops  of  concentrated  sulfuric  acid  in  the  bulb  of  the  apparatus  and  then  adding 
the  ether  solution  of  the  sample.  Ether  is  soluble  in  concentrated  sulfuric  acid, 
and  the  vapor  tension  of  the  ether  is  thus  reduced  so  much  that  only  benzene, 
toluene,  and  the  like  vaporize  at  room  temperature  or  on  gentle  warming. 

Reagents:  1 )  Sulfuric  acid,  concentrated  ,  , 

2)  Formaldehyde  in  sulfuric  acid:  0.2  ml  of  37  %  formaldehyde 
plus  10  ml  concentrated  sulfuric  acid.  The  reagent  should  not 
be  stored  longer  than  a  day  or  two. 


This  procedure  revealed,  starting 
2  y  benzene 
1.5  y  toluene 
5  y  naphthalene 
25  y  anthracene 


with  ether  solutions, 

2  y  phenol 
4  y  o-cresol 
8  y  benzaldehyde 
2  y  thiophen 
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If  no  color  reaction  with  formalin-sulfuric  acid  is  obtained  by  Procedure  I, 
the  absence  of  volatile  aromatic  hydrocarbons  and  phenols  is  assured.  To 
test  for  non-volatile  reactive  aromatic  compounds,  the  test  must  be  carried 
out  on  the  solid  material,  or  on  a  solution  in  alcohol,  ether,  etc. 

Procedure  II.  A  drop  of  the  non-aqueous  test  solution,  or  a  little  of  the  solid 
sample,  is  treated  in  a  depression  of  a  spot  plate  with  1  or  2  drops  of  the  reagent 
solution.  A  positive  reaction  is  signalled  by  the  development  of  a  color.  A  parallel 
trial  with  concentrated  sulfuric  acid  must  be  conducted  in  all  cases.  If  the  latter 
yields  a  color,  a  drop  of  the  reagent  solution  should  be  added  and  any  change  in 
the  color  noted.  It  is  often  advisable  to  conduct  the  spot  reaction  with  diluted 
test  solutions,  in  order  better  to  establish  the  shade  of  the  color. 


The  following  summary  contains 
aromatic  compounds.* 


Anisole 

red  violet 

Anthracene 

yellow  green 

Benzaldehyde 

(yellow  brown  in 

cone.  H2S04) 

red 

Benzene 

red 

Benzildioxime 

yellow 

Benzoinoxime 

yellow 

Benzyl  alcohol 

red 

Benzyl  mercaptan 

orange 

Carbazole 

green 

Catechol 

violet  red 

Chlorobenzene 

red 

Cinnamic  acid 

brick  red 

Cumene 

red 

Dibenzyl 

dark  red 

Diphenyl 

blue  green 

Diphenylbenzidine 

red 

Diphenylmethane 

red 

Ethylbenzene 

red-tan 

Fluorene 

green 

Furildioxime 

(yellow  in  cone. 

H2S04) 

brown 

Gallic  acid 

yellow  green 

Hexaethylbenzene 

yellow 

Hydroquinol 

black 

♦  The  statements  are  taken  from  the 
D.  Goldstein. 


the  findings  with  various  classes  of 


o-Hydroxydiphenyl 

red 

^-Hydroxydiphenyl 

green 

Mandelic  acid 

violet  red 

Mesitylene 

tan 

Methyl-2-naphthyl 

ketone 

orange 

Methyl  salicylate 

red 

Naphthalene 

green 

Naphthoic  acid 

(slightly  green  in  cone. 

h2so4) 

green 

2-Naphthol 

brown 

N  aphthoresorcinol 

(brown  in  cone.  H2S04) 

green 

Naphthylamine  hydro¬ 

chloride 

green 

Nitronaphtalene 

(red  in  cone.  H2S04) 

green  blue 

Phenanthrene 

green 

Phenols 

red  violet 

Phenylarsonic  acid 

red 

Phenyl  ether 

violet 

Phloroglucinol 

brown  red 

Pyrogallol 

(yellow  in  cone.  H2SO) 

red 

Resorcinol 

red 

Salicylic  acid 

red 

by  Le  Rosen  ( loc .  cit.)  and  the  experiments  of 
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Sulfosalicylic  acid  (heating 

Toluene 

red 

at  110°) 

red 

T  riethy  lbenzene 

orange 

Stilbene 

brown 

1,  3,  5-Triphenylbenzene 

blue 

Tetralin 

red 

Triphenylmethane 

red 

Thionalid 

green 

o,  m,  ^-Xylene 

red 

Thiophen 

red  violet 

1  he  following  develop  no  color  or  there  is  no  difference  from  the  color  of 
the  solution  in  concentrated  sulfuric  acid :  amidobenzoic  acid,  aniline,  anthra- 
quinone,  azoxybenzene,  benzidine,  benzil,  benzoic  acid,  benzophenone, 
dimethylbenzaldehyde,  a,  a'-dipyridyl,  diphenylamine,  8-hydroxyquinoline, 
mercapto-benzothiazole,  o-nitrobenzoic  acid,  o-nitrophenol,  6-nitroquinoline, 
pentachlorophenol,  phthalic  acid,  picrolonic  acid,  salicylaldoxime,  salicyl- 
aldehyde. 

The  compilation  reveals  that  diagnostic  conclusions  can  be  drawn  both 
from  the  occurence  of  a  color  reaction  and  from  the  actual  shade  obtained. 

When  examining  mixtures,  it  is  well  to  make  a  sublimation  trial,  and  to 
subject  the  sublimate  (if  any)  to  the  action  of  formaldehyde-sulfuric  acid. 
Since  relatively  few  organic  compounds  are  sublimable  at  normal  pressure, 
a  positive  response  to  this  color  reaction  considerably  reduces  the  number 
of  compounds  which  need  be  considered. 


(2)  Diazo  reaction 

The  Ehrlich  diazo  reaction,84  which  is  widely  used  in  medical  chemistry 
for  detecting  phenol  and  phenol  derivatives  (also  histidine),  can  be  conducted 
as  a  sensitive  spot  reaction.  The  reagent  is  a  freshly  prepared  solution  of 
diazobenzene-sulfonic  acid  (II)  obtained  by  diazotizing  sulfanilic  acid  (I) 
with  nitrous  acid,  in  the  presence  of  hydrochloric  acid : 

N 

H03 S — — NH2  +  HNO,  +  HC1  — >  HOjS — — N— Cl  +  2HsO 

(I)  <"> 

The  colorless  diazobenzene  sulfonic  acid  couples  with  phenols  and  aromatic 
amines  to  produce  acid  or  basic  azo  dyestuffs.  With  carbolic  acid  and  aniline, 
as  well  as  their  derivatives  with  a  free  para  position,  the  coupling  proceeds: 


N 
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If  the  para  position  of  the  phenol  or  amine  is  occupied,  the  coupling  occurs 
in  the  position  ortho  to  the  OH-  or  NH2-group.  The  addition  of  sodium 
carbonate  is  necessary  to  bring  about  the  coupling;  it  neutralizes  the 
resulting  mineral  acid.  The  following  test  is  suitable  for  the  detection  of 
compounds  which  couple  with  diazo  compounds.  Of  primary  interest  in 
this  connection  are  phenols,  and  primary,  secondary,  and  tertiary  amines. 

Procedure. 85  One  drop  of  sulfanilic  acid  solution  and  one  drop  of  sodium 
nitrite  solution  are  mixed  in  a  depression  of  a  spot  plate,  and  then  one  drop  of 
the  test  solution  is  added  with  stirring.  A  drop  of  sodium  carbonate  solution  is 
then  introduced.  The  immediate  production  of  a  color  is  taken  as  a  positive 
response.  Some  compounds  are  more  sluggish  and  a  period  of  1-2  minutes  waiting 
is  not  too  long,  but  a  blank  test  is  essential  in  such  cases.  Likewise,  a  blank  com¬ 
parison  test  is  always  advisable  when  alcoholic  solutions  are  being  examined. 

Reagents:  1)  Sulfanilic  acid,  0.5  %  solution  in  2  %  hydrochloric  acid 

2)  Sodium  nitrite,  0.5  %  solution 

3)  Sodium  carbonate,  10  %  solution 


This  procedure 
0.2  y  Phenol 
0.8  y  Resorcinol 
5  y  p- Hydroxy- 
biphenyl 
2  y  a-Naphthol 
5  y  /9-Naphthol 
1.5  y  Tyrosine 


revealed : 
reddish-yellow 
reddish-brown 

red 

reddish-brown 

yellow 

red 


5  y  Aniline 
1.5  y  Dimethylaniline 
2  y  Diethylaniline 
0.1  y  ra-Hydroxy- 

benzaldehyde 
50  y  p-Hydroxy- 

benzaldehyde 


greenish-yellow 

reddish-brown 

reddish-brown 

brown-yellow 

orange  red 


16.  Solubility  Tests 

The  behavior  of  solid,  liquid,  and  gaseous  materials  and  mixtures  toward 
water,  dilute  acids  and  alkalies,  as  well  as  toward  non-aqueous  solvents, 
is  of  analytical  importance  for  two  reasons:  1)  such  tests  give  valuable  guides 
regarding  the  preparation  of  suitable  reaction  milieus  in  which  to  carry  out 
analytical  reactions;  2)  the  solubility  behavior  per  se  can  be  characteristic 
for  certain  compounds  or  types  of  compounds. 

Ordinarily,  a  distinction  is  made  between  inert  solvents  and  those  which 
are  chemically  active  (reaction  solvents).  This  practice  is  sensible  with 
respect  to  the  residues  which  are  left  when  the  solvent  is  removed  by 
evaporation  or  displaced  by  the  addition  of  another  solvent.  In  the  case 
of  inert  solvents,  the  dissolved  material  is  always  left  unchanged,  whereas 
with  reactive  solvents  the  residue  consists  of  the  reaction  products  of  the 

rTnaa^1Ch.hfd  g°ne  in*°  S0lUti0n'  however’  the  solution  process  as 
such  and  the  state  existing  in  solution  are  considered,  then  the  distinction 

between  indifferent  and  chemically  active  can  no  longer  be  maintained; 
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in  every  case,  addition  reactions  produce  solvates,  i.e.,  compounds  made 
up  of  molecules  of  the  solvent  plus  molecules  (or  ions)  of  the  now  dissolved 
material,  which  originally  was  present  as  solid,  liquid,  or  gas.  It  is  in  accord 
with  the  chemical  nature  of  solution  that  the  presence  and  activity  of 
certain  groups  in  the  solvent  and  solute  are  responsible  for  the  occurence 
and  extent  of  these  solution  processes.*  Therefore,  it  may  obviously  be 
expected  that  analytically  useful  conclusions  concerning  the  molecular 
structure  and  the  presence  of  certain  groups  can  be  drawn  from  the  behavior 
of  an  (unknown)  organic  material  toward  selected  solvents.  This  is  true  to 
the  greatest  extent  for  the  behavior  toward  reaction  solvents,  as  is  shown 
in  Section  4,  which  deals  with  the  detection  of  the  acidic  and  basic  behavior 
of  organic  materials.  However,  here  also  there  are  notable  exceptions  to 
the  rule  that  basic  compounds  are  soluble  in  acids  and  acidic  compounds  in 
alkali  hydroxides.  Several  characteristic  instances  demonstrate  that  in 
organic  compounds  the  point  of  attack  by  acids  and  bases  can  be  blocked 
as  well  as  activated  by  the  remainder  of  the  molecule.  For  example, 
8-hydroxyquinoline  (oxine)  is  easily  soluble  in  dilute  mineral  acids,  whereas 
its  halogenated  derivatives,  e.g.  tribromo-  and  trichlorooxine,  are  not 
soluble.  Carbolic  acid  (phenol)  does  not  dissolve  in  aqueous  ammonia  or 
in  alkali  bicarbonate,  but  this  fact  does  not  permit  the  generalization  that 
all  phenols  are  insoluble  in  ammonia  or  alkali  bicarbonates.  The  behavior 
of  nitrophenols,  alizarin,  salicylaldehyde,  and  derivatives  of  these  compounds 
shows  clearly  that  certain  phenols  may  be  soluble  in  ammonia  and  alkali 
bicarbonate  solutions.  Furthermore,  instances  are  known  of  phenols  which, 
in  opposition  to  the  general  rule,  are  not  soluble  in  caustic  alkalis.86 

With  regard  to  divergences  from  general  solubility  rules  involving  reacting 
solvents,  it  is  very  instructive  to  examine  the  behavior  of  alizarin  blue  (I), 
which  constitutively  represents  the  simplest  combination  between  alizarin 
(II)  and  8-hydroxyquinoline  (III). 


*  See  the  very  instructive  discussion  of  the  analytical  significance  of  this  topic  in  S.  M. 
McElvain  ,  The  Characterization  of  Organic  Compounds,  New  York,  1945, ' 

Cheronis  and  J.  B.  Entrikin,  Semimicro  Qualitative  Analysis,  New  \  ork,  ,  P 
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Contrary  to  expectation,  this  dyestuff,  which  is  an  exceedingly  sensitive 
and  specific  reagent  for  the  detection  and  gravimetric  determination  of 
copper,87  is  soluble  neither  in  alkalis  as  are  (II)  and  (III)  nor  in  dilute  acids 
as  is  (III).  Consequently,  the  results  of  these  particular  solubility  tests  with 
bases  and  acids  would  not  justify  any  statement  about  the  presence  of  acidic 
phenolic  groups  or  of  the  basic  nitrogen  atom  in  the  dyestuff. 

Cold  concentrated  sulfuric  acid  is  a  solvent  for  unsaturated  hydrocarbons, 
polyalkylated  aromatic  hydrocarbons  and  many  oxygen-containing  organic 
compounds.  Sulfonation,  esterification,  or  formation  of  addition  compounds 
occurs,  depending  on  the  nature  of  the  compounds  involved.  In  the  case  of 
oxygen-containing  organic  compounds,  the  usual  result  is  the  production 
of  addition  compounds  that  are  soluble  in  concentrated  sulfuric  acid. 
Sometimes  the  solvates  of  oxygen-containing  compounds  in  concentrated 
sulfuric  acid  are  colored.  These  addition  compounds  are  decomposed  on 
dilution  with  water,  and  the  original  compounds  precipitates.  Consequently, 
the  close  relation  between  reactive  and  inert  solvents  is  shown  especially 
well  in  the  behavior  of  concentrated  sulfuric  acid.*  However,  there  is  no 
universal  rule  that  all  organic  compounds  behave  in  this  manner  toward 
concentrated  sulfuric  acid.  For  example,  many  aromatic  hydrocarbons 
(benzene,  toluene,  etc.)  and  their  halogen  derivatives  are  not  soluble  in  con¬ 
centrated  sulfuric  acid.  Likewise  the  diaryl  ethers  constitute  a  class  of 
oxygen-containing  compounds  which  are  insoluble  in  sulfuric  acid.  Solubility 
in  concentrated  sulfuric  acid  may  therefore  be  viewed  only  as  an  indication 
of  the  presence  of  oxygen-containing  organic  compounds;  perhaps  also  as 
a  guide  in  the  separation  and  isolation  of  a  particular  organic  compound. 

Syrupy  (85  %)  phosphoric  acid  has  been  recommended  as  an  inert  solvent 
for  differentiating  water-insoluble  organic  oxygen  compounds.88  It  dissolves 
alcohols,  aldehydes,  methyl  ketones,  cyclic  ketones  and  esters  of  less  than 
nine  carbon  atoms,  but  there  are  numerous  exceptions  in  these  groups  Some 
olefines,  amylene  for  example,  are  also  soluble  in  syrupy  phosphoric  acid. 

Since  there  are  marked  departures  from  solubility  rules  even  with  respect 
to  both  chemically  active  and  inert  inorganic  solvents,  it  is  not  strange 
that  this  is  still  more  true  of  the  behavior  of  organic  compounds  toward 
inert  organ, c  solvents.  Consequently,  the  results  of  preliminary  tests  of  the 
behavior  of  organic  materials  toward  such  solvents  must  always  be  accepted 
With  caution.  Insolubility  or  slight  solubility  must  especially  not  be  taken 
as  a  sure  indication  of  the  presence  or  absence  of  certain  groups  or  members 

sulfuric  acid  in  many  cases'  is'prob a b fo  d  ue ' ! n't™ ' " '  accompa“ies  solution  in  concentrated 
acid  can  function  as  dehydrant  as  weUas  stronjr  oxidantT  *°  *h°  faCt  that  the  conc«nt™ted 
Rosen  formalin  reaction  (page  104)  and  the  tes,  for  ‘he  ^ 


References  pp.  116-118 


112 


3 


PRELIMINARY (EXPLORATORY) TESTS 

of  particular  types  of  compounds.  These  reservations  must  be  kept  in  view 
when  applying  the  following  statements,  which  are  intended  to  give  an 
orientation  concerning  the  solubility  behaviors  of  the  most  important 
classes  of  organic  compounds,  and  which  in  addition  furnish  the  basis  for 
separations  of  the  constituents  of  organic  mixtures.*  Before  making  solu¬ 
bility  tests,  it  is  better  to  carry  out  the  preliminary  tests  described  in  the 
previous  sections,  and  to  take  the  findings  into  account  along  with  the  results 
of  the  solubility  tests. 


I.  Compounds  soluble  in  water,  insoluble  in  ether 


Only  carbon,  hydrogen, 
oxygen  present: 


Metals  present: 
Nitrogen  present: 


Halogens  present: 


Sulfur  present: 

Nitrogen  and  halogen  present: 
Nitrogen  and  sulfur  present: 


Dibasic  and  polybasic  acids 

Hydroxy  acids 

Polyhydroxy  phenols 

Simple  carbohydrates 

Salts  of  acids  and  phenols 

Miscellaneous  metallic  compounds 

Ammonium  salts 

Amine  salts  of  organic  acids 

Amino  acids 

Amides 

Amines  (aliphatic-aromatic,  polyamines,  oxy- 
amines) 

Amino  phenols 

Nitro  acids 

Nitro  phenols 

Semicarbazides 

Semicarbazones 

Ureas 

Halo  acids 

Halo  alcohols,  aldehydes,  etc. 

Acyl  halides  (by  hydrolysis) 

Sulfonic  acids 
Mercaptans 

Amine  salts  of  halogen  acids 
Amino  sulfonic  acids 
Bisulfates  of  weak  bases 
Cyano  sulfonic  acids 
Nitro  sulfonic  acids 


*  Consult  H.  Staudinger,  Anleitung  zur  organischen  qualitativen  Analyse,  2nd  edition,  Berlin 
1929,  concerning  the  data  indispensable  to  such  separations. 
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II.  Compounds  soluble  in  water  and  ether 


Only  carbon,  hydrogen,  oxygen 
present : 


Nitrogen  present: 


Halogens  present: 
Sulfur  present: 


Carboxylic  acids 
Alcohols 

Aldehydes  and  ketones 

Anhydrides 

Esters 

Ethers 

Polyhydroxyphenols 

Amides 

Amines 

Amino  acids  and  phenols 

Nitro  acids  and  phenols 

Halo  acids  and  phenols 

Hydroxy  heterocyclic  sulfur  compounds 

Mercaptans 

Thiophenols 


III .  Compounds  insoluble  in  water,  soluble  in  ether 


Only  carbon  and  hydrogen  pre¬ 
sent: 

Only  carbon,  hydrogen,  oxygen 
present : 


Nitrogen  present: 


Halogen  present: 


Sulfur  present: 


Liquid  and  solid  aliphatic  and  aromatic  hydro¬ 
carbons 

Esters  and  lactones 

Higher  lactones,  alcohols  and  aldehydes 
Ethers 

Higher  fatty  acids 
Aromatic  carboxylic  acids 
Phenols  and  enols 
Nitro  compounds 

Aromatic  nitrocarboxylic  acids  and  nitrophe- 
nols 

Esters  of  nitrous  acid 
Aromatic  bases 
Hydrazine  derivatives 
Acid  amides,  -imides,  anilides 
Aromatic  amino  acids 
Azo  compounds 

Aliphatic  and  aromatic  halogen  compounds 
Halogen  substituted-alcohols,  aromatic  alde¬ 
hydes,  phenols,  carboxylic  acids,  esters 
Halogen  nitro  compounds 
Thiol  compounds 
Thio  acid  amides  and  anilides 
Thio  ethers 

Esters  of  aliphatic  and  aromatic  sulfonic  acids 
Disulfides 
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IV.  Compounds  insoluble  in  water  and  ether 


Only  carbon,  hydrogen,  oxygen 
present : 


Nitrogen  present: 


Sulfur  present: 


Aliphatic,  alicyclic  and  certain  aromatic  poly- 
carboxylic  acids  (gallic  acid,  phthalic  acid, 
etc.) 

Hydroxyanthraquinones 

High  molecular  ketones  (anthraquinones,  etc.) 
Polymerization  products  of  aldehydes  (para 
formaldehyde,  etc.) 

Aminoanthraquinones 

High  molecular  aromatic  bases  (benzidine  and 
benzidine  derivatives) 

Acid  amides  and  anilides 
Phenylhydrazones  of  aldehydes  and  ketones 
Salts  of  inorganic  and  organic  acids  with  or¬ 
ganic  bases 
Sulfones 

Polymeric  thioaldehydes 

Sulfamide  derivatives  of  secondary  amines 


V.  Compounds  insoluble  in  water,  soluble  in  10  %  hydrochloric  acid 

Amines 
Amino  acids 

Aryl  substituted  hydrazines 
N-dialkyl  amines 
Amphoteric  compounds 


VI.  Compounds  insoluble  in  water,  soluble  in  10  %  sodium 


hydroxide  and  in 

Only  carbon,  hydrogen,  oxygen 
present : 

Nitrogen  present: 

Halogens  present: 

Sulfur  present: 

Nitrogen  and  sulfur  present: 


10  %  sodium  bicarbonate  solutions 

Acids  and  anhydrides 
Hydroxyanthraquinones 

Amino  aromatic  acids 
Nitro  acids 
Cyano  acids 
Polynitrophenols 
Halo  acids 
Polyhalo  phenols 
Sulfonic  acids 
Sulfinic  acids 
Mercaptans 
Nitro  thiophenols 
Sulfates  of  weak  bases 


Sulfonamides 

Sulfur  and  halogens  present:  Sulfonhalides 
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VII.  Compounds  insoluble  in  water  and  10  %  sodium  bicarbonate 
solution ;  soluble  in  10  %  sodium  hydroxide  solution 

Only  carbon,  hydrogen,  oxygen  Phenols 
present :  Enols 


Nitrogen  present: 

Amino  acids 

Nitro  phenols 

Amides 

Amino  phenols 

Cyano  phenols 

N-monoalkyl  aromatic  amines 

N-substituted  hydroxylamines,  p-  and  s-Nitro- 
paraffins 

Trinitro  aromatic  hydrocarbons 

Oximes 

Ureides 

Halogens  present: 

Sulfur  present: 

Halo  phenols 

Mercaptans 

Nitrogen  and  halogen  present : 

Thiophenols 

Polynitro  halogenated  aromatic  hydrocarbons 

Nitrogen  and  sulfur  present: 

Substituted  phenols 

Alkyl  sulfonamides 

Aryl  sulfonamides 

Amino  thiophenols 

Amino  sulfonic  acids 

Thioamides 

VIII.  Compounds  insoluble  in  all  previously  employed  solvents 


Nitrogen  present: 

Anilides  and  toluidides 

Amides 

Nitro  arylamines 

Nitro  hydrocarbons 

Diarylamines 

Azo-,  hydrazo-,  and  azoxy-compounds 

Dinitro  phenylhydrazines 

Nitriles 

Sulfur  present: 

Amino  phenols 

Sulfides 

Sulfones 

N-dialkyl  sulfonamides 

Thio  esters 

Thiourea  derivatives 
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IX.  Compounds  soluble  in  concentrated  sulfuric  acid, 
insoluble  in  all  other  solvents  previously  tried 

Alcohols 

Aldehydes  and  ketones 

Esters 

Ethers 

Unsaturated  hydrocarbons 
Anhydrides 

X.  Compounds  containing  no  nitrogen  or  sulfur,  insoluble 
in  all  other  solvents  tried  previously 

Hydrocarbons 

Halogen  derivatives  of  hydrocarbons 

The  differentiation  between  soluble,  difficulty  soluble,  and  insoluble  in 
the  behavior  of  organic  compounds  towards  the  solvents  cited  in  I-IX  is 
not  sharp.  Accordingly,  certain  types  of  compounds  are  included  in  various 
solubility  classes. 
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Chapter  4 

Detection  of  Characteristic  ( Functional)  Groups 
in  Organic  Compounds 


The  tremendous  number  of  organic  compounds  would  present  a  vast 
chaos  of  materials  if  there  were  no  possibility  of  arranging  them  into  classes 
(alcohols,  carboxyl  compounds,  amines,  etc.)  whose  members  can  be  charac¬ 
terized  with  respect  to  their  structural  constitution,  since  they  contain 
certain  identical  groups  of  atoms  within  the  framework  of  their  molecules. 
Accordingly,  one  of  the  most  important  tasks  of  qualitative  organic  analysis 
is  to  recognize  with  certainty  such  typical  groups.  When  attempting  this 
task,  it  must  be  kept  in  mind  that  in  many  cases  there  exist  distinct  relations 
between  atom  groups  and  the  chemical  and  physical  properties  of  an  organic 
compound.  The  same  group  whose  presence  constitutes  the  basis  for  the 
classification  of  an  organic  compound  is  often  the  place  in  the  molecule 
where  chemical  reactions  are  likely  to  occur.  It  has  become  customary  to 
designate  such  groups  as  functional  groups.  It  is  clear  that  organic  com¬ 
pounds  may  include  not  merely  one  but  several  and  different  functional 
groups  in  their  molecule. 

Comparatively  few  characteristic  (functional)  groups  can  be  detected 
directly,  that  is  by  direct  reaction  with  suitable  reagents  which  produce 
compounds  having  an  appropriate  insolubility,  a  distinctive  color  in  day-  or 
UV-light,  or  other  properties  which  may  be  the  basis  for  identification  by 
means  of  spot  reactions.  Usually  it  is  necessary  to  treat  the  sample  by  con¬ 
densation,  oxidation,  etc.,  to  arrive  at  products  which,  in  their  turn,  can  be 
detected  easily  by  appropriate  reagents  in  the  form  of  a  spot  reaction. 
Obviously  in  spot  test  analysis  the  preliminary  operations  on  the  starting 
material,  which  are  necessary  for  the  production  of  characteristic  and  sen¬ 
sitive  reacting  compounds,  must  be  such  as  can  be  successfully  conducted 
on  a  micro-  or  semimicro  scale. 

It  is  not  good  practice  to  test  unknown  materials  directly  for  the  presence 
of  typical  groups  of  atoms.  Rather,  as  in  qualitative  inorganic  analysis,  a 
series  of  preliminary  tests  should  be  made  which  will  often  afford  valuable 
clues  as  to  which  atomic  groups  are  likely  to  be  present  or  absent.  Directions 


References  pp.  229-232 


120 


FUNCTIONAL  GROUPS 


4 


for  carrying  out  such  preliminary  tests  have  been  given  in  Chapter  3.  On 
the  other  hand,  tests  to  establish  the  presence  of  functional  groups  should 
invariably  precede  the  testing  for  particular  organic  compounds  (Chapter  5). 

The  objectives  of  the  examination  for  functional  groups  in  organic  com¬ 
pounds  correspond  somewhat  to  the  testing  for  certain  cationic  or  anionic 
constituents  in  inorganic  compounds.  However,  the  literature  of  inorganic 
analysis  contains  much  observational  material  concerning  the  influence  on 
and  impairment  of  analytically  usable  reactions  by  accompanying  materials, 
but  such  records  exist  to  an  extremely  limited  extent  with  respect  to  organic 
analysis.  This  lack  or  paucity  of  information  must  be  taken  into  account 
when  applying  the  tests  described  in  this  chapter. 

Because  of  their  importance,  many  organometallic  compounds  can  be  the 
subject  of  qualitative  organic  analysis.  Sometimes  it  is  possible  to  test 
metallo-organic  compounds  directly  for  functional  groups.  The  more  reliable 
method,  however,  is  first  to  decompose  the  material  being  tested  in  such 
manner  that  the  organic  constituent  remains  intact  and  can  be  isolated. 
This  end  is  often  achieved  by  treating  organometallic  compounds  with  acids, 
hydrogen  sulfide,  alkali  hydroxide  and  the  like,  and  then  taking  up  the 
liberated  compounds  in  organic  solvents  which  are  not  miscible  with  water. 


1.  Nitroso  Compounds  (NO-group) 


(7)  Test  with  phenol  and  sulfuric  acid 

Either  aliphatic  or  aromatic  nitroso  compounds  when  warmed  with  con¬ 
centrated  sulfuric  acid  and  phenol  produce  a  red  color,  which  turns  blue 
with  alkalis.  The  mechanism  of  this  reaction  is  not  yet  established.1  Perhaps 
the  realization  of  the  color  reaction  requires  an  enolization  of  the  NO-group 
to  an  NOH-group,  since  it  is  evident  that  NOH-groups  condense  with 
phenols  in  the  position  para  to  the  phenolic  OH-group  to  produce  mdo- 
phenol  dyestuffs  (compare  page  132). 

Procedure.  2  A  little  of  the  powdered  substance  is  melted  in  a  microcrucible 
along  with  a  particle  of  phenol.  After  cooling,  a  few  drops  of ^pure  concentrate 
sulfuric  acid  are  added.  The  sample  turns  dark  cherry-red.  After  diluting  wit  i 
little  water,  the  solution  is  made  alkaline  with  a  few -drops ;of  sodium  *J&™**£ 
then  turns  deep  blue.  A  solution  of  the  sample  in  ether,  which  evaporates  readily, 

may  be  used  instead  of  the  solid. 

Reagents:  1)  Phenol 

2)  Concentrated  sulfuric  acid 

3)  4  N  sodium  hydroxide 

Limit s  of  identification  attainable  by  means  of  this  test  are  given  in  Table  5. 
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( 2 )  Test  with  sodium  pentacyanoammine  ferroate  3 

Nitroso  compounds  form  brightly  colored  complex  compounds  with  the 
prussic  salts,  sodium  pentacyanoaquo  ferroate  Na3[Fe(CN)5H20]  and  sodium 
pentacyanoammine  ferroate  Na3[Fe(CN)5NH3].  This  color  reaction  4  depends 
on  the  exchange  of  the  water  or  ammonia  molecule  of  the  prussic  salt  for  a 
molecule  of  the  nitroso  compound : 

Na3[Fe(CN)5NH3]  +  RNO  =  NH3  +  Na3[Fe(CN)5RNO] 
Na3[Fe(CN)5H20]  +  RNO  =  HaO  +  Na3  [Fe(CN)5RNO] 

It  is  noteworthy  that  the  entrance  of  the  RNO  molecule  into  the  inner 
sphere  of  the  prussic  salt,  with  expulsion  of  the  NH3  or  H20  molecule,  occurs 
only  in  the  light.  In  the  dark,  the  exchange  proceeds  at  an  immeasurably 
slow  rate.  This  is  one  of  the  very  rare  examples  of  the  direct  application 
of  a  photo  reaction. 


Table  5.  Nitroso  Compounds 


Name 

Formula 

^-Nitrosodi- 

methyl- 

aniline 

(CH3)2NC6H4NO 

£>-Nitroso- 

phenol 

hoc6h4no 

a-Nitroso- 

/3-naphthol 

C10H6(NO)(OH) 

/?-Nitroso-a- 

naphthol 

C10H6(NO)(OH) 

Tetrahydro- 

/1-nitroso- 

a-naphthol 

C10H10(NO)(OH) 

Isonitroso 

acetylace- 

tone 

CH3COCH2COCH  :NOH 

Isonitroso 

aceto¬ 

phenone 

C6H5COCH  :NOH 

Test  with 


C6Hs0H  +  H2S04 

Na3Fe(CN)5NH3 

Limit 
of  iden- 

Color 

Limit 
of  iden- 

tifica- 

tion 

tifica- 

tion 

Color 

0.5  y 

Pink-yel- 

low-green 

0.15  y 

Emerald 

green 

0.4  y 

Red-blue 

0.1 5y 

Dark  green 

0.5  y 

Red-blue 

1  y 

Olive  green 

0.6  y 

Red-green 

1  y 

Olive  green 

0.5  y 

Red-green 

— 

No  reaction 

1  y 

Dark  red  to 
green - 
yellow 

2.5  y 

Brown  lilac 

1  y 

Brick-red 

3  y 

Green 

to  yellow 
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Aromatic  thioaldehydes  and  a  few  thioketones  5  also  react  with  prussic 
salts  to  give  a  blue  color;  certain  aromatic  hydrazines  give  red  or  violet 
colors.  Probably  this  likewise  involves  an  exchange  reaction  with  NH3  and 
H20  molecules  of  the  prussic  salts.  Interference  due  to  hydrazines  may  be 
prevented  by  the  addition  of  a  few  drops  of  formaldehyde;  formhydrazone 
is  formed  at  once ;  it  does  not  react  with  prussic  salts. 

The  following  compounds  give  blue  or  blue-green  products  with  sodium 
pentocyanoammine  ferroate  6 :  thiourea,  phenylthiourea,  formamidine  disul¬ 
fide,  thiouracil.  A  reddish  color  is  produced  with  isonicotinic  acid  (contrary 
to  nicotinic  acid  and  dipicolinic  acid,  which  do  not  react). 

It  is  noteworthy  that  pyridine  (contrary  to  picolline)  hinders  the  color 
reaction  of  nitroso  compounds  with  sodium  pentacyanoammine  ferroate  7; 
this  masking  is  based  probably  on  the  formation  of  sodium  pentacyanopyri- 
dine  ferroate. 

Procedure.  A  drop  of  the  test  solution  is  mixed  on  the  spot  plate  with  several 
drops  of  a  freshly  prepared  solution  of  sodium  pentacyanoammine  ferroate. 
After  a  little  while,  an  intense  green  color,  or  more  rarely,  a  violet  color,  is  formed. 

Reagent:  1  %  solution  of  sodium  pentacyanoammine  ferroate  8 

Limits  of  identification  attainable  by  means  of  this  test  are  given  in  Table  5. 


2.  ^-Nitroso-aromatic  Amines 


:n 


NO-group 


) 


( 1 )  Test  with  palladium  chloride 

A  very  selective  and  sensitive  test  for  palladium  (and  a  colorimetric 
determination  of  this  metal)  is  based  on  the  formation  of  a  colored  pre¬ 
cipitate  when  an  alcoholic  solution  of  a  ^-nitroso-aromatic  amine  is  added 
to  weakly  acidic  solutions  of  palladium  salts  9. 

The  product  is  an  addition  compound  between  the  two  components.  The 
possible  coordination  centers  10  are  indicated  in  (I),  (II)  and  (III). 


N— O 


:n 


N=0 


;n 


N=0 


Pda2  ^Cla  ^rC1‘ 

2  (i)  (ID  2  <m) 

The  formation  of  the  colored  addition  products  can  also  be  used  as  the  basis 
for  a  sensitive  and  highly  selective  test  for  p- nitroso-aromatic  amines  «. 

The  following  facts  should  be  kept  in  mind  when  carrying  out  this  test. 
Many  amines  and  amino  phenols  form  addition  compounds  with  P^ium 
chloride.  Although  nearly  all  of  them  are  yellow  and  cannot  be  confused 
with  the  red  nitrosopalladium  compounds,  they  may  consume  the  reage 
(PdCl2),  so  that  small  amounts  of  nitroso  amines  escape  dctec  ion. 
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1,2-  and  2,1-nitroso  naphthols  and  their  derivatives  react  with  PdCl2, 
forming  insoluble,  brown-violet  inner  complex  palladium  salts.  Such  phenols 
can  be  removed  if  the  material  to  be  tested  is  treated  with  an  aqueous 
solution  of  sodium  hydroxide  and  extracted  with  ether.  The  amines  are  taken 
up  by  the  ether,  whereas  the  phenols  remain  in  the  aqueous  layer. 

Procedure.  One  drop  of  the  test  solution  or  a  small  amount  of  the  solid 
material  and  one  drop  of  the  palladium  chloride  solution  are  mixed  in  the 
depression  of  a  spot  plate.  The  immediate  production  of  a  colored  precipitate 
or  a  color  is  taken  as  a  positive  response.  Small  amounts  require  a  blank  test. 

Reagent:  Palladium  chloride  solution:  Aqueous  solution  of  0.1  g  PdCl2  and 
0.2  g  NaCl  in  100  ml. 

This  procedure  revealed: 

0.05  y  p-Nitroso-aniline  (brown) 

0.05  y  ^-Nitroso-dimethylaniline  (bright  red) 

0.05  y  /j-Nitroso-diethylaniline  (bright  red) 

0.05  y  />-Nitroso-diphenylamine  (bright  red) 


3.  Nitro  Compounds  (NO,-group) 


(1)  Test  by  reaction  with  sodium  pentacyanoammine  ferroate  after  reduction  to 
nitroso  compounds  12 

The  color  reaction  of  nitroso  compounds  with  sodium  pentacyanoammine 
ferroate  just  described  can  also  be  applied  to  the  detection  of  nitro  com¬ 
pounds,  if  the  nitro  group  is  reduced  to  the  nitroso  group.  This  reduction 
can  be  carried  out  electrolytically  in  a  drop  of  the  test  solution.  The  electro¬ 
lysis  is  accomplished  in  neutral  or  alkaline  solution,  in  the  presence  of  the 
reagent,  and  between  a  nickel  and  a  lead  electrode.13 


Procedure.  A  drop  of  the  alcoholic  or  aqueous  test  solution  is  mixed  in  a 
microcrucible  with  a  drop  of  a  freshly  prepared  solution  of  sodium  pentacyano¬ 
ammine  ferroate  and  a  drop  of  alkali.  If  the  addition  of  alkali  causes  a  coloration, 
a  drop  of  sodium  sulfate  solution  should  be  used  instead  as  the  electrolyte. 

The  current  is  then  allowed  to  pass  through  the  solution  in  the  microcrucible, 
using  a  nickel  wire  as  cathode  and  a  lead  wire  as  anode.  The  source  of  current  can 
be  either  a  flashlight  battery  or  a  4-volt  storage  battery.  The  electrolysis  should 
continue  for  at  least  10  minutes;  for  small  amounts  of  test  substance,  up  to  half 
an  hour.  The  liquid  becomes  colored  during  the  electrolysis.  The  color,  which 
deepens  on  standing,  is  usually  green,  more  seldom  violet. 

A  blank  test  with  sodium  sulfate  shows  no  alteration  in  the  pale  yellow  color 
but  with  alkali  there  is  a  slight  deepening  in  the  yellow  shade. 


Reagents:  1)  1  %  solution  of  sodium  pentacyanoammine  ferroate  14 

2)  4  N  sodium  hydroxide 

3)  4  %  sodium  sulfate  solution 

JgLVent:  fiST*0*  f°rdifferent  nitr°  COmP°UndS  a«ai“d  With  this  test 
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Table  6.  Nitro  Compounds 


Name 

Formula 

Limit  of 
identifica- 

Color 

tion 

1.5  y 


Dark  violet 


Nitrobenzene 

o,  m,  p-Chloronitro- 
benzene 

w-Dinitrobenzene 

o-,  />-Nitro toluene 

o-,  p-Nitrophenol 

Picric  acid 

o-,  m-,  p-Nitrobenzal- 
dehyde 

m-,  ^-Nitrobenzoic 
acid 

o-,  m-,  ^-Nitrocinnamic 
acid 

o-,  m-,  /J-Nitraniline 


1 , 5-Nitronaphthy  1- 
amine 

o-,  m-,  /)-Nitrophenyl- 
hydrazine 

6-Nitroquinoline 


c#h6no2 

cic6h4no2 

C6H4(N02)2 

ch3c6h4no2 

C8H4(0H)N02 
C6H2(OH)(N02)3 
C6H4(CH0)N02 
C6H4(C00H)N02 
N02C6H4CH  =  CHCOOH 

C6H4(NH2)N02 

C10H6(NH2)NO2 

nh2nhc8h4no2 

c9h8nno2 


2  y 

3  y 

15  y 

Green 

3  Y 

Brown-violet 

ly 

8  y 

Violet-red 

0.4  y 
0.4  y 

Dark  green 

8  y 

Dark  olive 
green 

4  y 

Olive  green 

8  y 

Lilac  dark 

2.5  y 

green 

CO  4^  CO 

>i 

Green 

4  y 

4  y 

0.25  y 

Green 

0.3  y 

Dark  brown 

0.5  y 
1.5  y 
0.5  y 

Green 

5  y 

Light  green 
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(2)  Test  for  m-dinitro  compounds  by  reaction  with  potassium  cyanide  15 

If  w-dinitro  compounds  are  warmed  with  a  solution  of  alkali  cyanide,  a 
red-brown  to  violet  color  or  precipitate  is  formed.  The  color  is  permanent 
in  the  presence  of  dilute  acids.  This  behavior  is  in  contrast  to  that  of 
nitrophenols,  whose  color  change  is  reversed  when  acids  are  added.  The 
constitution  of  these  products  of  the  cyanide  reaction  is  only  partly  known. 
Presumably  they  are  substituted  phenylhydroxylamines.16 17  For  example, 
2,4-dinitrophenol  (I)  reacts  with  potassium  cyanide  to  produce  the  potassium 
salt  (II)  of  4-nitro-2-hydroxylamino-3-cyanophenol  (meta-purpuric  acid) : 


Table  7.  m-DiNiTRO  Compounds 


Name 

Formula 

Limit 
of  iden¬ 
tifica¬ 
tion 

Color 

w-Dinitrobenzene 

C6H4(N02)2(1,  3) 

10  y 

Violet 

Chlorodinitro- 

C6H3C1(N02)2(1,  2,  4) 

1  y 

Red 

benzene 

Picryl  chloride 

C6H2C1(N02)3(1,  2,  4,  6) 

2  y 

Red-brown 

Dinitrophenol 

C6H3(0H)(N02)2(1,  2,  4) 

1  y 

Red 

Picric  acid 

C6H2(0H)(N02)3(1,  2,  4,  6) 

2  y 

Red-brown 

Dinitraniline 

C6H3(NH3)(N02)2(1,  2,  4) 

1  y 

Red 

Picramine 

C6H2(NH2)(N02)3(1,  2,  4,  6) 

2  y 

Red-brown 

Dinitrochloroben- 

C6H2C1(C00H)(N02)2(1,  4,  2,  6) 

2  y 

Red-brown 

zoic  acid 

Dinitroaminoben- 

C6H2(NH2)(COOH)(N02)2(l,  4,  2,  6) 

1  y 

Red-brown 

zoic  acid 

1,8-Dinitronaph- 

CioD6(N02)2(1,  8) 

10  y 

Brown 

thalene 

Dinitro-a-naphthol 

C10H5(OH)(NO2)2(l,  2,  4) 

2  y 

Dark  brown 
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1,8-Dinitronaphthalene  is  different  from  the  other  ^m'-naphthalene  deri¬ 
vatives  and  behaves  like  a  m-dinitronaphthalene  with  potassium  cyanide. 
Mononitrobenzene  and  o-dinitrobenzene  derivatives  and  also  1,5-dinitro- 
naphthalene  do  not  react ;  therefore  m-dinitro  compounds  may  be  detected 
even  in  the  presence  of  other  nitro  compounds. 

Procedure.  A  drop  of  a  solution  or  a  few  grains  of  the  solid  is  mixed  with  a 
drop  of  potassium  cyanide  solution  in  a  microcrucible  and  heated  gently  over  a 
microburner.  In  the  presence  of  m-dinitro  compounds,  a  violet  or  red  color  ap¬ 
pears.  It  remains  unchanged  even  on  the  addition  of  a  few  drops  of  hydrochloric 
acid. 

Reagents:  1)  10  %  potassium  cyanide  solution 
2)  2  N  hydrochloric  acid 

The  limits  of  identification  attained  with  this  test  are  shown  in  Table  7. 


4.  Nitrites  and  Nitrates  (— O — NO  and  — O— NO,-groups) 


(1)  Test  through  oxidation  of  diphenylamine  or  diphenylbenzidine 18 


Among  the  organic  nitrates  are  the  salts  of  nitric  acid  with  organic  nitrogen 
bases  (B)  which  as  BHN03  represent  organic  derivatives  of  ammonium 
nitrate  (NH3-HN03).  As  solids  or  in  solution  they  contain  the  N03~  anion, 
and  with  few  exceptions  are  water-soluble.  The  best  known  exception  is 
nitron  nitrate.19  The  —O— N02-group  occurs  in  non-ionogenic  form  in  the 
alkyl  nitrates  R— O— N02,  which  are  alcohol  esters  of  nitric  acid.  These 
esters  of  the  lower  C-numbers  are  sweet  smelling,  mobile  liquids,  which 
explode  violently  when  heated.  The  nitric  esters  of  polyhydnc  alcohols 
(nitroglycerine,  nitrocellulose,  etc.)  are  solids  if  the  parent  alcohols  are 


Salts  of  the  nitrous  acids  with  organic  bases  cannot  be  isolated.  The  i 
nitrous  esters  (R-O-NO)  are  isomeric  with  the  corresponding  m  ro 
compounds  (R — N02),  but  differ  from  these  stable  materials  in  th 
ease  with  which  they  are  saponified  into  nitrous  acid  and  the  respective 

^  The  test  for  all  organic  nitrates  and  nitrites  is  based  on  the  fact  that  they 
ox-dt  d.phenylailc  and  diphenylbenzidine  (delved  Im  <— 

Senate  o^phTy—e  is  brought  about  by  the  nitric  or  nrtrous 
acid  produced  by  saponification  of  alkyl  nitrates  or  mtn  . 
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j  +  (HNOj,  HN02) 


j  +  (HN03,  HNOj) 


(I)  Diphenylamine  (colorless) 


(II)  N.N'-diphenylbenzidine  (colorless) 


(III)  Quinoidimonium  salt  of  (II) 
(blue) 

X  ==  1/2  so4-2 


It  is  apparent  from  this  series  of  reactions  that  the  use  of  dipenylbenzidine 
instead  of  diphenylamine  has  the  advantage  of  making  more  effective  use 
of  the  oxidizing  action  of  the  nitric  or  nitrous  acid,  and  consequently  the 
sensitivity  of  the  test  for  the  — O — NO-  and  — O — N02-groups  is  raised. 

There  are  certain  aliphatic  nitro  compounds  which  are  resistant  towards  di¬ 
phenylamine  (and  probably  diphenylbenzidine).2oa  The  test  gives  a  negative 
result  with  RCH2N02,  R2C(N02)2  and  R"'C(N02)3  when  R  =  alkyl  and  R"'  = 
alkyl  or  N02.  The  result  is  positive  with  RCH(N02)R'  and  RC(NO,)R2" 
when  R  =  alkyl,  R'  =  alkyl,  N02  or  halogen  and  R"  =  alkyl  or  halogen. 

Procedure.  About  0.5  ml  of  the  reagent  solution  is  placed  on  a  spot  plate  and 
a  little  of  the  test  material  (fragment  of  a  solid  or  a  drop  of  a  solution  or  suspen¬ 
sion)  is  added.  A  blue  ring  is  formed;  the  intensity  of  the  color  depends  on  the  ni¬ 
trate  or  nitrite  content. 


(a)  with  diphenylamine  ( b )  with  diphenylbenzidine 
Limit  of  Identification:  0.5  y  nitric  acid  0.07  y  nitric  acid 

Dilution  Limit:  1  :  100,000  1  ;  700,000 


Reagent:  Several  crystals  of  diphenylamine  or  diphenylbenzidine  are  covered 
with  concentrated  sulfuric  acid.  A  little  water  is  added.  After 
solution  is  complete,  more  concentrated  sulfuric  acid  is  added.  About 
1  mg  of  the  solute  should  be  present  in  10  ml  of  the  finished  reagent 

Qnlufion  ^ 


5.  Azoxy  Compounds  (— N=N-group) 

(1)  Test  by  conversion  into  hydroxydiazo  compounds  21 

If  aromatic  azoxy  compounds,  which  contain  this  group  in  open  chains 
are  allowed  to  stand  in  contact  with  concentrated  sulfuric  acid  of  are  gentlv 

™-h  ,they  are  COnTCrted  into  th^  isomeric  azo-hydrox/com! 
pounds  (hydroxydiazo  compounds).  For  example:  ^ 


o 
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Table  8 

Behavior  of  Azoxy  Compounds  with  Sulfuric  Acid 


Color 


9 


Azoxybenzene 

3  sec  95°  C 

30  sec  95°  C 

Initial 

boil 

_ 

lemon- 

very  deep  red 

very  deep  red 

yellow 

3,3'-Difluoro 

9  9 

orange 

deep  orange-red 

— 

3,3'-Dichloro 

9  9 

orange-red 

deep  orange-red 

— 

4,4'-Dichloro 

yellow 

orange-red 

bright  blood  red 

— 

3,3'-Dibromo 

lemon 

orange-red 

bright  red 

— 

yellow 

3,3'-Diiodo 

yellow 

dark  red 

intensely  dark 

— 

red-brown 

a-4-Bromo 

yellow 

deep  red-brown 

99 

’ — 

orange 

/?-4-Bromo 

yellow 

deep  red-brown 

• 

— 

2, 4, 6,2', 4', 6'- 

very  pale 

yellow-brown 

deep  rose-red 

— 

Hexabromo 

brown 

3,3'-Dinitro 

yellow 

yellow 

yellow 

red-brown 
very  light 

brown 

3,5, 3'5'- 

pale 

pale  yellow 

light  yellow- 

red-brown 

Tetranitro 

yellow 

brown 

very  pale 

a-4-Nitro 

greenish 

greenish 

orange-red 

yellow 

yellow 

/?-4-Nitro 

pale  yellow 

orange-red 

deep  blood  red 

— 

2,2'-Dimethyl 

orange- 

brown 

chocolate  brown 

intensely  dark 
brown 

— 

4,4'-Dimethyl 

orange 

intensely  dark 

deep  red-brown 

blood  red 

• 

4,4'-Diphenyl 

deep  red 

deep  tyrian 

purplish  brown 

— 

purple 

2,2'-Dimethoxy 

yellow- 

olive  green 

deep  bluish 
purple 

brown 

deep  green 
very  dark  royal 

blue 

4,4'-Dimethoxy 

yellow- 

brown 

deep  red-brown 

deep  chocolate 
brown 
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This  so-called  Wallach  transformation  22  is  accompanied  by  a  color  change 
since  the  resulting  hydroxydiazo  compounds  in  sulfuric  acid  solution  are 
not  so  highly  colored  as  the  isomeric  azoxy  compounds.  The  rearrangement 
apparently  occurs  via  less  stable,  intensely  colored  intermediate  compounds, 
probably  of  quinoidal  character.  These  products,  which  are  usually  deep 
red  or  red-brown,  appear  within  3  seconds  when  the  temperature  is  raised 
to  95°.  The  color  deepens  within  30  seconds  and  then  fades  somewhat  because 
of  the  formation  of  the  hydroxydiazo  compounds.  Polynitroazoxy  compounds 
present  an  exception;  their  sulfuric  acid  solutions  require  longer  or  more 
intense  heating  to  develop  the  optimum  color  intensification.  The  darkening 
observed  when  such  solutions  are  boiled  cannot  be  mistaken  for  charring 
(of  a  compound  not  containing  an  azo  group)  since  the  solution  rapidly 
loses  its  color  on  further  heating.  Azo  compounds  which  contain  only  the 
— N=N — group  do  not  exhibit  this  behavior,  the  color  of  their  concentrated 
sulfuric  acid  solutions  remains  unchanged  even  on  boiling.  On  the  other 
hand,  aromatic  compounds  containing  iodine  directly  attached  to  the 
nucleus  (/>-iodophenol,  o-iodoaniline,  etc.)  show  a  similar  behavior,  but  the 
color  deepening  occurs  more  slowly. 

Procedure.  A  drop  of  the  test  solution  (in  a  volatile  solvent)  is  evaporated  to 
dryness  on  a  watch  glass.  A  drop  of  concentrrted  sulfuric  acid  is  added  and  the 
temperature  raised  to  95°.  Comparison  is  made  with  an  unheated  blank. 

Reagent:  Concentrated  (96  %)  sulfuric  acid 

The  behavior  of  a  number  of  azoxy  compounds  when  warmed  with  con¬ 
centrated  sulfuric  acid  is  given  in  Table  8. 


6.  Alcohols 

(1)  Test  for  'primary  and  secondary  alcohols  by  conversion  into  alkali-alkyl 
xanthates  23 


At  room  temperature,  and  in  the  presence  of  alkali  hydroxides,  primary 
and  secondary  alcohols  react  rapidly  with  carbon  disulfide  to  give  water- 
soluble  alkali-alkyl  xanthates : 


ROH  +  CS2  +  NaOH  =  CS(OR)(SNa)  +  HaO 
RONa  +  CS2  =  CS(OR)(SNa) 

All  alkali-alkyl  xanthates  form  violet  products  with  molybdates  in  solutions 
containing  an  excess  of  mineral  acid.  (Compare  the  sensitive  test  for  molyb¬ 
denum  with  potassium-ethyl  xanthate,  Vol.  I,  page  111).  The  colored  pro¬ 
ducts,  whose  composition  is  Mo03-2CS(OR)SH  -  are  soluble  in  organic  liquids 
such  as  benzene,  carbon  disulfide,  ether,  chloroform.  After  conversion  to 

the  xanthate,  primary  and  secondary  alcohols  can  be  detected  by  the 
molybdate  reaction.  ^ 
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The  test  is  not  very  sensitive,  because  the  condensation  of  alcohols  or 
alcoholates  to  alkali-alkyl  xanthate  is  not  quantitative.  Furthermore,  when 
xanthate  solutions  are  acidified  in  the  presence  of  molybdate,  there  is  an 
unavoidable  partial  decomposition  of  CS(OR)SH  with  regeneration  of  CS2 
and  ROH. 

Esters  react  similarly  to  alcohols  since,  under  the  conditions  of  the  test, 
they  are  partially  saponified  to  alcohols.  Compounds  containing  the 
CH2COCH2  group  also  react  with  carbon  disulfide  and  alkali.  They  form 
orange-red  compounds 25  w’hichon  treatment  with  molybdates  give  chocolate- 
brown  precipitates  insoluble  in  chloroform.  They  therefore  interfere  with 
the  detection  of  small  amounts  of  alcohols  by  the  xanthate  test. 


Procedure.  26  A  drop  of  the  test  solution  (in  ether,  if  possible)  is  placed  in  a 
small  test  tube  along  with  a  drop  of  carbon  disulfide  and  a  few  centigrams  of  solid 
sodium  hydroxide.  The  mixture  is  shaken  for  about  5  minutes.  One  or  2  drops  of 
molybdate  solution  are  then  added,  and  as  soon  as  the  alkali  has  dissolved,  the 
solution  is  carefully  acidified  and  shaken  with  2  drops  of  chloroform.  When 
primary  or  secondary  alcohols  are  present  in  the  test  solution,  the  chloroform 
layer  is  violet. 

Reagents:  1)  Carbon  disulfide 

2)  Finely  powdered  alkali  hydroxide 

3)  1  %  ammonium  molybdate  solution 

4)  2  N  sulfuric  acid 

5)  Chloroform 


The  following  amounts  of  alcohols  were  detected : 


1  mg  ethyl  alcohol 
1  mg  methyl  alcohol 
1  mg  propyl  alcohol 
1  mg  butyl  alcohol 
1  mg  isobutyl  alcohol 


0.5  mg  isoamyl  alcohol 
1.0  mg  allyl  alcohol 
0.5  mg  cyclohexanol 
0.1  mg  phenylethyl  alcohol 


(2)  Test  for  polyhydric  alcohols  by  oxidation  with  periodic  acid 

Polyhydroxy  alcohols,  such  as  glycol,  glycerol,  erythntol,  mannitol,  etc., 
can  be  broken  down  to  formaldehyde  and  formic  acid  by  excess  periodic 
acid  in  the  cold;  the  periodic  acid  is  reduced  to  iodic  acid.27’ 28  The  reaction 

can  be  expressed: 


CHjOHfCHOHJn-iCHjOH  +  «  HI04  ->  „rnm4  ,  hto  +  HO 

2  2  CH20  +  («— 1)  HCOOH  +  n  H1U3  + 


Sensitive  tests  are  available  for  the  organic  products  of  this  oxidation. 
Accordingly,  the  presence  of  polyhydroxy  compounds  can  be  established 
bv  treatingthe  sample  with  periodate  and  then  testing  for  (a)  formaldehyde 
or  (“c  add.  The  test  described  under  (b),  which  is  based  on  the  detec- 
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tion  of  the  formic  acid,  is  more  sensitive  than  that  for  formadehyde  (a), 
since,  as  the  reaction  shows,  1  molecule  of  a  polyvalent  alcohol  furnishes 
only  2  molecules  of  CH,0  as  against  (n— 1)  molecules  of  HCOOH. 

The  reaction  is  given  by  almost  all  glycols  and  also  by  many  carbohydrates 
that  do  not  normally  react  with  fuchsin-sulfurous  acid;  monosaccharides 
also  give  a  positive  reaction.  Cane  sugar  gives  the  reaction  only  after  boiling, 
when  the  acid  probably  breaks  up  the  disaccharide  into  the  two  mono¬ 
saccharides,  which  in  turn  give  the  glycol  reaction. 

The  oxidation  with  periodic  acid  also  permits  a  differentiation  between 
tartaric  and  citric  acid  or  their  salts.  Tartaric  acid,  which  has  two  adjacent 
hydroxyl  groups,  is  probably  oxidized  to  glyoxylic  acid,  and  reacts  with 
fuchsin-sulfurous  acid  due  to  decomposition  to  formaldehyde,  while  citric 
acid  shows  no  visible  change. 


(a)  Oxidation  with  periodate  and  detection  of  formaldehyde  29 

The  reaction  with  fuchsin-sulfurous  acid  (see  page  146)  can  be  used  to 
detect  the  formaldehyde  after  destroying  the  excess  periodate  and  iodate. 
Most  polyhydroxy  alcohols  can  then  be  detected,  provided  aldehydes  are 
absent. 


Procedure.  A  drop  of  the  aqueous  or  alcoholic  solution  of  the  polyhydroxy 
alcohol  is  mixed  in  a  microcrucible  with  a  drop  of  periodate  solution  and  a  drop 
of  dilute  sulfuric  acid  and  allowed  to  stand  for  5  minutes.  The  excess  periodic 
acid  is  then  reduced  with  a  few  drops  of  sulfurous  acid,  and  the  sample  is  treated 
with  a  drop  of  fuchsin-sulfurous  acid.  After  a  short  time,  at  longest  half  an  hour, 
a  red  to  blue  color  appears.  When  testing  for  polysaccharides,  the  procedure  is 
similar  except  that  the  contents  of  the  covered  crucible  are  heated  to  boiling 
and  then  likewise  left  to  stand  for  about  5  minutes. 

Reagents:!)  5  %  potassium  periodate  solution 

2)  Fuchsin-sulfurous  acid 

3)  IN  sulfuric  acid 

1)  Saturated  solution  of  sulfurous  acid 


The  following  amounts  were  detected : 

5  y  ethylene  glycol  25  y  arabinose 

■  5y  glycerol  25  y  saccharose  (with  boiling) 

5  y  mannitol  12.5  y  dextrose  (with  boiling) 

r  .  ,  100  y  tartaric  acid 

to  y  lactose  inn  •  .  ,  , , . 

100  y  mucic  acid  (dissolved  in  dioxane) 

The  following  gave  a  positive  reaction:  erythritol,  cherry  gum  gum  arabic 
The  following  did  not  react- citric  a riH  i  in  u  /  .  ’  g  arabic. 

thritol,  pentaacetylglucose.  and  acetylcell'utose  'deCanedl°‘-  mosIto1’  P«taery- 
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( b )  Oxidation  with  periodate  and  detection  of  formic  acid  30 

The  detection  of  the  formic  acid  produced  when  polyhydric  alcohols  are 
oxidized  with  periodic  acid  is  based  on  the  oxidation  of  formic  acid  with  free 
bromine : 

HCOOH  +  Br2  ->  2  HBr  +  C02 

The  carbon  dioxide  formed  can  be  identified  by  passing  the  gas  into  baryta 
water  through  the  precipitation  of  BaC03.  The  formaldehyde  produced  along 
with  formic  acid  by  the  action  of  periodic  acid  is  also  oxidised  by  bromine 
first  to  formic  acid  and  then  to  carbon  dioxide,  so  that  all  of  the  carbon  of 
the  polyhydroxy  compound  is  converted  into  carbon  dioxide. 

Procedure.  The  microdistillation  apparatus  (Fig.  29,  page  41)  is  used.  A 
little  of  the  sample  is  treated  with  2  drops  of  5  %  potassium  periodate  and  2 
drops  of  1  AT  sulfuric  acid  and  warmed  slightly.  Bromine  water  is  then  added, 
drop  by  drop,  until  a  distinct  yellow  is  obtained.  A  glass  bead  is  introduced  and 
the  stopper  put  in  place.  The  distillation  tube  is  inserted  into  a  small  test  tube 
containing  baryta  water.  (The  reagent  is  protected  against  the  carbon  dioxide 
of  the  air  by  a  layer  of  a  paraffin  oil.).  The  distillation  apparatus  is  gently  warmed 
If  the  liquid  in  the  receiver  becomes  turbid,  polyhydroxy  compounds  are  indi¬ 
cated. 

The  following  quantities  wrere  detected  by  this  procedure . 

2.5  y  glycerol  2.5  y  maltose 

3  y  mannitol  1  Y  saccharose 

5  y  glucose  6 

5  y  levulose  6 

5  y  arabinose  3 

2.5  y  mannose  20 

(3)  Other  test  for  alcohols 

The  conversion  of  [Ce(NO,)„]-  into  [Ce(OR)(NO,),]_i  is  accompanied  by 
a  color  change  (yellow  to  red)  which  can  be  used  for  the  detection  of  P ™ary 
secondary  and  tertiary  alcohols.1'  One  ml  of  a  solution  containing  40  g 
(NH  )  Ce(NO,).  in  100  ml  2  N  nitric  acid  is  diluted  with  2 i  ml  water  or 
dioxane.ro  this  is  added  a  drop  of  a  solution  prepared  ^  dissolving  he 
material  to  be  tested  in  as  little  water  or  dioxane  as  possible  (Idn.Umti. 
about  400  y).  Aliphatic  bases  interfere  by  forming  precipitates ,  oxi  iza  i 
compounds  (phenols  and  aromatic  amines)  by  giving  colored  products. 

7.  Phenols 

(1)  Test  with  nitrous  acid 32 

Manv  phenols  form  *-nitroso  derivates  (I  or  II)  with  nitrous  acid  and 
these  give  indophenols  (III)  by  condensation  with  the  excess  p  icno  in 
presence  of  concentrated  sulfuric  acid.33 


y  lactose 
y  dextrin 
y  mucic  acid 
y  starch 
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^-Substituted  phenols  and  nitrophenols  do  not  react;  phenol  ethers  and 
thiophene  give  an  intense  phenol  reaction. 


Procedure. 34  A  drop  of  the  test  solution  (in  ether)  is  allowed  to  evaporate  to 
dryness  in  a  microcrucible,  then  treated  with  a  drop  of  concentrated  sulfuric 
acid  containing  a  little  nitrous  acid,  swirled,  and  left  for  a  few  minutes.  The  sample 
is  then  cautiously  diluted  with  a  drop  of  water.  Sometimes  the  color  deepens.  After 
cooling,  the  mixture  is  made  alkaline,  when  a  further  color  change  often  results. 

Reagents:  1 )  Cone,  sulfuric  acid  containing  1  %  sodium  nitrite  (freshly 
prepared) 

2)  4  N  sodium  hydroxide 


(2)  Test  with  5-nitroso-8-hy dr oxy quinoline  35 

The  Liebermann  reaction,  described  in  Test  1,  consists  in  the  conversion 
of  a  portion  of  the  phenol  present  (with  free  para  position)  into  />-nitrosophe- 
nol  by  action  of  nitrous  acid  and  condensation  of  the  resulting  nitrosophenol 
(in  its  oxime  form)  with  unchanged  phenol  to  produce  colored  indophenols. 
An  alternative  method  to  obtain  indophenol  dyes  is  to  use  an  appropriate 
/>-nitrosophenol  directly  as  the  reagent.  A  light  yellow  solution  of  5-nitroso- 
8-hydroxyquinoline  (I)  in  concentrated  sulfuric  acid  has  been  found  suitable. 
Its  oxime  form,  which  reacts  with  phenols,  is  shown  in  (II).  The  condensation 
product  of  the  oxime  with  phenol  is  shown  in  the  indophenol  compound 


(III). 

—NO 

0=/^  \=NOH 

o 

N  \ 

N  \ 

(I) 

(II) 

(III) 

Procedure.  A  drop  of  the  alcoholic  or  alkaline-water  solution  of  the  test 
solution  is  evaporated  to  dryness  in  a  microcrucible,  and  a  drop  of  the  reagent  is 
added  to  the  cold  residue.  The  indophenol  dyestuff  is  formed  on  gentle  warming. 
A  blank  is  recommended  if  only  small  amounts  of  phenol  are  suspected. 

Reagent:  1  %  solution  of  5-nitroso-8-hydroxyquinoline  (»)  in  concentrated 


This  procedure  revealed: 

1  y  phenol  (dark  brown) 

2  y  resorcinol  (red-violet) 

7  y  pyrogallol  (black) 

4  y  pyrocatechol  (greenish  black) 


5y  o-nitrophenol  (green-yellow) 
5  y  o-cresol  (dark  brown) 

5  y  xylenol  (violet) 

10  y  a-naphthol  (dark  brown) 
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(3)  Test  with  nitrous  acid  and  mercuric  nitrate  37 

Nitrous  acid  solutions  containing  mercuric  nitrate  react  with  phenols, 
either  in  the  cold  or  on  slight  warming,  and  produce  red  colors  or  yellow 
precipitates,  which  dissolve  in  nitric  acid  to  form  red  solutions.  The  reaction 
probably  depends  on  the  formation  of  a  nitro  compound,  which  then  reacts 
with  the  phenol.  Both  aniline  and  phenol  ethers  also  show  this  reaction, 
since  they  produce  phenol  on  boiling  with  nitrous  acid. 

Di-o-  and  di-w-substituted  phenols,38  such  as  picric  acid,  do  not  react; 
neither  do  hydroxyanthraquinones.  This  Millon  test  is  especially  recom¬ 
mended  for  ^-substituted  phenols,  which  do  not  respond  to  Tests  1  and  2. 

Procedure.  39  A  drop  of  the  aqueous,  alcoholic  or  ether  solution  is  mixed  in  a 
microcrucible  with  a  drop  of  the  reagent  solution  and  left  for  a  few  minutes.  If 
no  change  occurs,  the  mixture  is  briefly  heated  to  boiling  over  a  microburner. 
A  red  color  forms  in  the  presence  of  phenols. 

Reagent:  One  part  mercury  is  dissolved  in  one  part  fuming  nitric  acid  and 
diluted  with  2  parts  water 

The  limits  of  identification  and  the  colors  for  the  different  phenols  are  given  in 
Table  9. 


Table  9.  Phenols 


Name 

Formula 

Test  with 

Liebermann’s  reagent 

Millon’s  reagent 

Phenol 

c6h5oh 

1  y 

Blue-red- 

1  y 

green 

Resorcinol 

c6H4(OH)2 

5  y 

Red-blue 

0.5  y 

Pyrocatechol 

9  9 

5  y 

Green-red- 

blood-red 

5  y 

Hydroquinone 

9  9 

10  y 

Green-red 

10  y 

Heating 

Orcinol 

C0H3(OH)2CH3 

5  y 

Yellow-red- 

purple 

5  y 

Phloroglucinol 

CflH8(OH)3 

10  y 

Blood-red 

5  y 

Pyrogallol 

1  9 

10  y 

Violet-brown 

5  y 

Thymol 

C6H3(CH3)(C3H7)OH 

5  y 

Green-red- 

blue 

p-Nitrophenol 

C6H4(OH)NOz 

No  reaction 

2  y 

Heating 

_ _ _ _  (continued) 
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Table  9.  Phenols  (continued) 


Formula 

Test  with 

Name 

Liebermann’s  reagent 

Millon’s  reagent 

o-Hydroxyben- 

zaldehyde 

C6H4(CHO)(OH) 

2  y 

Red-light 

green 

5  y 

w-Hydroxy- 

benzalde- 

hyde 

pp 

10  y 

^-Hydroxyben- 

zaldehyde 

p  p 

No  reaction 

1  y 

Heating 

Protocatechuic 

aldehyde 

C6H3(CHO)(OH)2 

No  reaction 

4  y 

Vanillin 

C6H3(CHO)(OCH3)OH 

No  reaction 

4  y 

Methyl 

salicylate 

C6H4(OH)COOCH3 

1  y 

Phenyl 

salicylate 

C6H4(OH)COOC6H5 

4  y 

Green-red- 

blue 

Hydroxy  ben¬ 
zoic  acid 

C6H4(OH)COOH 

No  reaction 

2  7 

Heating 

Methyl  p- hy¬ 
droxy  benzo¬ 
ate 

C6H4(OH)COOCH3 

No  reaction 

1  y 

Heating 

a-Naphthol 

c10h7oh 

Green 

1  y 

/J-Naphthol 

Dark  green 

1  y 

o-Hydroxy- 

quinoline 

C9H6(OH)N 

No  reaction 

0.5  y 

m -Hydroxy- 
cinnamic  acid 

C6H4(0H)CH:CHC02H 

5y 

Do  not 
heat 

{4)  Test  by  conversion  into  o-hy  dr  oxy  aldehyde  40 


Phenols  with  free  ortho  position  can  be  converted  into  o-hydroxyaldehydes 
by  the  Tiemann-Reimer  reaction.*'  This  process,  which  is  frequently  em- 

Fh°y  m  T  preParatlve  organlc  Chemistry,  consists  in  protracted  refluxing  of 
e  alkaline  phenolate  solution  with  chloroform.  The  conversion  of  phenols 
into  phenol  aldehydes  can  be  represented:  42 
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\-OK 

+  CHC13  +  3  KOH 

C— H 

/ 


\ 

C— OK 

+  3  KC1  4-  2  H,0  (;) 

C— CHO 

/ 


This  reaction  in  general  gives  low  yields.  However,  it  can  be  utilized  in 
the  detection  of  many  phenols,  in  view  of  the  fact  that  aromatic  aldehydes 
condense  with  hydrazine,  in  weakly  alkaline,  neutral,  or  weakly  acid  solu¬ 
tion,  to  produce  water-insoluble  aldazines.  The  aldazines  formed  from 
o-hydroxyaldehydes : 


\ 

C— OH 

2  ||  +  H,N — NHj 

C— CHO 

/ 


H 


/°\  / 


II  1  I 

C  N - N 

^^C^  ^C 

H  H 


+  2  H20 


(2) 


are  distinguished  by  especially  low  water-solubility  and  without  exception 
they  display  a  yellow  to  orange  fluorescence.  Both  characteristics  are  prob¬ 
ably  related  to  the  chelate  nature  of  the  aldaziness.  The  fluorescence 
reaction  between  o-hydroxyaldehydes  and  hydrazine  is  very  sensitive,  so 
that  reaction  (2)  on  the  spot  test  scale  produces  sufficient  o-hydroxyaldehyde 
to  be  detectable  by  (2). 

Procedure.  A  drop  of  the  alkaline  test  solution  is  evaporated  to  dryness  in 
a  microcrucible.  The  residue  is  treated  with  10-20  drops  of  chloroform  and  taken 
to  dryness  in  an  oven.  This  treatment  with  chloroform  is  repeated  once  or  twice. 
The  residue  is  taken  up  in  a  drop  of  acetic  acid,  a  drop  of  hydrazine  solution  is 
added,  and  the  contents  of  the  crucible  transferred  to  filter  paper  (S  &  S  589). 
If  phenols  were  present,  a  yellow  to  orange  fluorescing  fleck  is  seen  on  the  paper 
under  ultraviolet  light.  To  avoid  a  false  conclusion  due  to  the  self-fluorescence  of 
phenols  in  acetic  acid  solution,  it  is  well  to  conduct  a  blank  with  a  drop  of  water 
in  place  of  the  hydrazine  solution.  In  contrast  to  the  fluorescence  of  the  acid- 
stable  aldazines,  the  fluorescence  of  phenols  can  usually  be  made  to  disappear 
by  bathing  the  fleck  in  alcohol  or  dilute  hydrochloric  acid. 

Reagents:  1)  1  N  Potassium  hydroxide, 

2)  Chloroform 

3)  6  N  Acetic  acid 

4)  Hydrazine,  solution:  10  g  hydrazine  sulfate  boiled  with  10  g 
sodium  acetate  in  100  ml  water.  Filter  after  cooling. 

5)  Alcohol 

G)  2  N  hydrochloric  acid 

Table  10  gives  the  limits  of  identification  attainable  by  the  foregoing  procedure. 
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Name 

Formula 

Fluorescence 

color 

Limit  of  Iden¬ 

tification  (y) 

Phenol 

c6h5oh 

Yellow 

12 

a-Naphthol 

C10H7OH 

Y  ellow 

7 

/S-Naphthol 

c10h7oh 

Yellow 

6 

di-/?-Naphthol 

[C10H6OH]2 

No  reaction 

— 

o-Hydroxydiphenyl 

c12h9oh 

Orange 

20 

^-Hydroxydiphenyl 

c12h9oh 

Orange 

2,5 

2, 7 -Dihydroxynaphthalene 

G10H6(OH)2 

Yellow 

50 

1 , 8-Dihydroxynaphthalene- 
3,6-disulfonic  acid 

C10H4(OH)2(SO3H)2 

No  reaction 

— 

Resorcinol 

C6H4(OH)2 

Yellow 

3 

Naphthoresorcinol 

C10H6(OH)2 

No  reaction 

— 

Salicylic  acid 

c6h4ohcooh 

Yellow 

5 

Acetylsalicylic  acid 

c6h4ococh3cooh 

Yellow 

5 

Phenylsalicylate 

c6h4ohcooc6h5 

Yellow 

5 

2, 4-Dinitroresorcinol 

C6H2(0H)2(N02)2 

No  reaction 

— 

m-Hydroxybenzoic  acid 

c6h4ohcooh 

Yellow 

10 

8-  8-Hydroxyquinoline  and  Derivatives 


OH 


-group 


(7)  Test  through  fluorescence  by  chemical  adsorption  on  magnesium  hydroxide  43 

The  group  m  question  is  present  in  8-hydroxyquinoline  (I)  and  its  deriva- 
‘ves  (II-VI  I).  As  shown  by  the  acidic  phenolic  OH  group  and  the  basic 
tertiary  N-atom  in  the  quinoline  ring  system,  8-hydroxyquinoline  and  its 
erivatives  are  ampholytes,  which  can  be  brought  into  solution  by  either 

sdtatedd  V  6  aCldln  Character  is  strengthened  in  the  halogen  sub- 
stituted  derivatives  as  well  as  in  the  sulfonic  acids.) 
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OH 

(I) 


(II) 


(III) 


(IV) 


(V) 


(VI) 


(VII) 


CH, 


OH 

(VIII) 


Alcohol  solutions  of  (I)-(IV)  produce  quantitative  precipitations  of 
numerous  metal  ions  from  neutral,  ammoniacal-tartrated,  and  acetate- 
buffered  solutions.44  The  precipitates  consist  of  inner  complex  salts  in  which, 
as  shown  by  (IX)  and  (X),  the  hydrogen  of  the  phenol  group  is  replaced  by 
one  equivalent  of  metal  with  coordinative  bonding  on  the  cyclic  N-atom: 


The  yellow  precipitates  produced  by  (I)-(IV)  with  A1+3,  Zn+2,  and  Mg+2 
ions  give  an  intense  yellow-green  or  bluish-w’hite  fluorescence  if  the  solids 
or  their  solutions  in  organic  liquids  (immiscible  with  water)  are  viewed  in 
ultraviolet  light.  The  8-hydroxyquinoline  derivatives  (V)-(VIII)  are  not 
precipitants,  because  of  the  solubilizing  influence  of  the  SOsH-group. 
8-Hydroxyquinaldine  (VIII)  has  no  precipitating  power  toward  A1+3  ions, 
presumably  because  of  steric  hindrance  by  the  CH3-group.45  However,  a 
binding  of  the  reactive  group  (IX)  to  metal  atoms  as  pictured  in  (X)  occurs 
not  only  in  the  production  of  stoichiometrically  defined  salts  through  ionic 
reactions  in  aqueous  solution,  but  also  when  8-hydroxyquinoline  and  its 
derivatives  are  adsorbed  on  the  surface  of  water-insoluble  oxides(oxyhydrates 
hydroxides)  of  the  metals  just  mentioned.  Proof  is  provided  by  the  fact  tha 
similarly  fluorescing  products  result  in  both  cases,  i.e.  when  there  is  salt- 
formation  as  an  independent  phase  and  also  when  chemical  adsoi^ion 
occurs  in  which  no  new  phase  is  produced.  An  additional  and  still  more 
convincing  proof  is  that  the  fluorescence  also  appears  when  metal  oxid 
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(oxyhydrates,  etc.)  come  in  contact  with  solutions  of  those  derivatives  of 
8-hydroxyquinoline  which,  like  (VI)-(VIII),  do  not  enter  into  precipitation 
reactions  with  the  parent  metal  ions  of  the  oxides.  The  fluorescence  produced 
by  chemical  adsorption  on  metal  oxides  can  therefore  be  utilized  for  the 
detection  of  the  group  (X).  Magnesium  oxide  is  a  suitable  adsorbent. 

Procedure.  About  0.2  g  of  magnesium  oxide  is  placed  on  a  watch  glass  or  in  a 
depression  of  a  spot  plate.  A  drop  of  the  test  solution  (water,  alcohol,  ether,  etc.) 
is  added.  The  suspension  is  placed  under  a  quartz  lamp.  Depending  on  the  quan¬ 
tity  of  active  material  present,  a  light  yellow  or  whitish-blue  fluorescence  appears 
at  once  or  in  a  short  while.  A  blank  with  magnesium  oxide  and  the  particular 
solvent  is  advisable  when  small  amounts  of  the  hydroxyquinoline  are  suspected. 

Limits  of  Identification : 

I  8-Hydroxyquinoline :  0.5  y  (aqueous  alcohol  solution) 

II  7-Chloro-8-hydroxyquinoline:  0.6  y  (acetone) 

III  5,  6,  7-Trichloro-8-hydroxyquinoline:  0.8  y  (acetone) 

IV  5,  6,  7-Tribromo-8-hydroxyquinoline:  1  y  (acetone) 

V  8-Hydroxyquinoline-5-sulfonic  acid:  0.5  y  (water) 

VI  8-Hydroxyquinoline-7-sulfonic  acid:  0.5  y  (water) 

VII  7-Iodo-8-hydroxyquinoline-5-sulfonic  acid:  1  y  (water) 

VIII  2-Methyl-8-hydroxyquinoline  (8-hydroxyquinaldine) :  0.4  y  (alcohol) 

This  recommended  procedure  can  also  be  applied  to  acid  aqueous  solutions 
of  8-hydroxyquinoline  or  its  derivatives,  but  of  course  more  magnesium 
oxide  must  be  used.  The  latter  acts  as  neutralizer,  and  produces  Mg+2  ions, 
which  then  form  insoluble  fluorescing  magnesium  salts  with  8-hydroxyqui¬ 
noline  or  its  derivatives. 


9.  Enols 

( 1 )  Test  with  bromine  and  potassium  iodide 

Ketones  in  which  the  CO-group  is  adjacent  to  a  CH,-group  have  acid 
character.  The  reason  is  that  in  solution  there  is  an  equilibrium  between  the 
keto  form  and  a  tautomeric  unsaturated  alcohol  form,  the  so-called  enol 

form.  For  example,  in  the  case  of  ethyl  acetoacetate,  the  keto-enol  equili¬ 
brium  is :  n 


CH3  CO — CH2 — COOC2H5  CH, 


=  CH—COOC2H5 


OH 


All  enols  take  up  bromine  instantaneously  with  intermediate  formation  of 
dibromoenols,  which  form  labile  a-bromoketones  on  elimination  of  hydrogen 
bromide.  These  a-bromoketones  oxidize  hydrogen  iodide  and  liberate  iodine. 
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the  enols  being  regenerated.46  Enols  can  therefore  be  detected  by  treating 
the  sample  with  excess  bromine,  removing  the  unused  bromine,  and  adding 
potassium  iodide  to  the  acid  solution.  A  liberation  of  iodine  indicates  the 
presence  of  enols. 

In  the  case  of  the  enol  form  of  ethyl  acetoacetate,  the  equations  relative 
to  the  bromination  and  the  liberation  of  iodine  are: 


CH3C(OH)  =  CHCOOC2H5  +  Br2  ->  CH3C(OH)BrCHBrCOOC2H5  (1) 
CH3C(OH)Br  CHBr  COOC2H5  ->  CH3COCHBrCOOC2H5  +  HBr  (2) 

CH3COCHBr  COOC2H6  +  2  HI  CH3COCH2COOC2H5  +  HBr  +  I2  (3) 


After  the  a-bromoketone  has  been  formed,  the  excess  bromine  is  best 
removed  by  adding  sulfosalicylic  acid.  The  bromine  is  consumed  to  form 
bromosulfosalicylic  acid : 

C6H3(OH)(COOH)(SOsH)  +  Br2  -►  HBr  +  C6H2Br(0H)(C00H)(S03H) 


and  the  color  is  discharged  immediately.  It  should  be  noted  that  the  bromine 
is  taken  up  according  to  (7)  and  (2)  at  once,  whereas  the  action  of  the  a-bromo¬ 
ketone  on  hydrogen  iodide  ( 3 )  is  slow.  Iodine  has  no  action  on  sulfosalicylic 
acid. 


Procedure. 47  Bromine  water  is  added  to  a  drop  of  the  test  solution  until  a 
permanent  yellow  color  forms,  and  then  sulfosalicylic  acid  until  the  solution  is 
decolorized.  The  solution  is  then  treated  with  a  few  drops  of  potassium  iodide 
solution  and  starch  solution.  A  blue  color  indicates  the  presence  of  enols. 


Reagents:  1) 
2) 
2) 
4) 


Bromine  water  (saturated) 

Saturated  aqueous  solution  of  sulfosalicylic  acid 
5  %  potassium  iodide  solution 
Starch  solution 


A  positive  reaction  was  given  by  the  following :  60  y  acetoacetic  ester,  40  y 
malonic  ester,  100  y  benzoylacetic  ester. 


10.  Carbonyl  Compounds  (>CO-group) 

(7)  Test  for  aldehydes  and  aliphatic  methyl  ketones  by  interaction  with  bisulfite 

Approximately  neutral  solutions  of  aldehydes  and  aliphatic  methyl 
ketones  combine  with  sodium  bisulfite  to  form  well  crystallized  water-solubk 
products  «  known  as  “aldehyde  bisulfite"  and  “ketone  bisulfite  respective¬ 
ly  These  products  are  the  alkali  salts  of  a-hydroxysulfomc  acids: 
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R\ 


H/ 


C=0  +  NaHSOg 


R\ 


C=0  +  NaHSOg 


H,C' 


R\  /OH 
C 

HZ'  \S03Na 
R\  /OH 
HgC^  ^SOsNa 


An  excess  of  aldehyde  or  methyl  ketone  rapidly  consumes  the  bisulfite 
and  converts  it  into  compounds  which,  unlike  free  bisulfite,  no  longer  react 
with  iodine.49"  Consequently,  the  familiar  redox  reaction: 

S03-’  -f  I2  +  H20  ->  S04-2  +  2  I-  +  2  H+ 

may  be  masked  through  the  formation  of  aldehyde-  or  ketone  bisulfite. 
Therefore,  when  a  solution  of  aldehyde  or  methyl  ketone  is  mixed  with  a 
dilute  solution  of  bisulfite  and  then  a  blue  starch-iodine  solution  is  added, 
and  the  color  is  not  discharged,  it  indicates  the  presence  of  aldehydes  or 
ketones.  Obviously,  no  other  substance  which  will  consume  iodine  may  be 
present  and  furthermore  the  solution  must  be  neutral. 


Procedure.  50  A  drop  of  the  alcoholic  or  aqueous  test  solution  is  mixed  with 
a  drop  of  approximately  0.001  N  bisulfite.  If  the  original  solution  is  alcoholic 
it  is  advisable  to  dilute  with  4  or  5  drops  of  water.  After  about  5  minutes,  a  drop 
of  approximately  0.001  N  iodine  is  added,  and  also  a  drop  of  a  starch  solution 
made  very  faintly  blue  with  iodine.  If  the  blue  color  remains,  the  test  is  positive, 
indicating  the  presence  of  aldehyde  or  ketone.  A  blank  test  is  advisable  in  the 
detection  of  very  small  amounts. 


Reagents:  1)  Approximately  0.001  N  sodium  bisulfite 

2)  Approximately  0.001  N  solution  of  iodine  in  potassium  iodide 

3)  \  %  starch  solution  faintly  colored  with  iodine 

The  dilutions  of  1)  and  2)  should  be  so  adjusted  that  10  drops  of  the  bisulfite 
solution  require  11  or  12  drops  of  the  iodine  solution  to  give  a  permanent  blue. 


The  following  were  revealed/ 

0.05  y  formaldehyde 

0.5  y  acetaldehyde 

5  y  oenanthal 

5  y  furfural 

2  y  benzaldehyde 

4  y  benzaldehyde-o-sulfonic  acid 

4  y  o-hydroxybenzaldehyde 

1  y  m-hydroxy benzaldehyde 

10  y  ^-hydroxy benzaldehyde 

4  y  o-nitrobenzaldehyde 


1  y  w-nitrobenzaldehyde 
1  y  p-aminobenzaldehyde 
20  y  vanillin 
15  y  anisaldehyde 
500  y  glucose 
500  y  levulose 
500  y  lactose 
50  y  acetone 

20  y  methyl  ethyl  ketone 
20  y  acetophenone 

ethyl  alcohol, 
and  distillation  over  sodium). 


N°  reaction  was  given  by:  cane  sugar,  benzophenone 
purified  dioxan  (boiling  with  hydrochloric  acid 
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11.  o-Dioxo  and  Oxomethylene  Compounds 
(_CO— CO—  and  — CH,— CO—  groups) 

(1)  Test  for  aliphatic  1,2-dioxo  compounds  by  conversion  into  nickel  dioxime 
salts  61 


Aliphatic  and  monocyclic  hydroaromatic  o-dioxo  compounds  react  with 
hydroxylamine  and  produce  1,2-dioximes  which  form  red  or  yellow  inner- 
complex  nickel  salts.62  These  salts  are  also  formed  directly  from  its  com¬ 
ponents: 


— c=o 

-I-  2  NH,OH  +  Vt  Ni++ 

— C  =  0 


O 


— C=N 


\ 


Ni/2  +  2  H20  +  H+ 


— C  =  N 

I 

OH 


It  is  possible  to  distinguish,  through  this  reaction,  aliphatic  (or  monocyclic 
hydroaromatic)  dioxo  compounds  from  aromatic  dioxo  compounds,  such  as 
benzil,  phenanthraquinone,  camphor  quinone,  etc.  The  latter  are  orthoqui- 
noidal  in  character  and  hence  are  not  oximated  by  hydroxylamine,  but 
instead  are  reduced. 

Procedure.  A  drop  of  the  test  solution  is  treated  in  a  centrifuge  tube  with  1 
drop  of  hydroxylamine  solution  and  warmed  briefly  on  the  water  bath.  A  drop 
of  the  clear  solution  is  then  placed  on  filter  paper  and  spotted  with  1  drop  of 
nickel  acetate  solution.  A  more  or  less  intense  yellow  or  red  appears,  either  at 
once  or  after  fuming  over  ammonia. 

Reagents:  1)  Hydroxylamine  solution:  1  g  hydroxylamine  hydrochloride,  1  g 
sodium  acetate,  2  ml  water 
2)  5  %  nickel  acetate  solution 

The  identification  limits  for  the  detection  of  aliphatic  1,2-dioxo  compounds  are 
given  in  Table  11. 

(2)  Test  for  oxomethylene  compounds  by  conversion  into  1 ,2-diketones  “ 

The  conversion  of  aliphatic  1,2-diketones  into  1,2-dioxime  nickel  salts 
as  described  in  (1)  can  also  be  used  for  the  detection  of  oxomethylene  com¬ 
pounds  if  the  CH,  group  adjacent  to  the  CO  group  can  likewise  be  oxidized 
to  aCO  group.  SeleSum  dioxide  is  a  suitable  oxidant  for  the  transformation 

of  the  — CH, — CO  group  into  the  -C°-C0  g™“P'  __c0  oup>  in  so 

The*  test  is  not  completely  decisive  for  the  2  t 

by  selenious  acid.  Instances  are. 
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Table  11.  Dioxo-  and  Oxo-Methylene  Compounds;  Aliphatic  1,2-Dioxo- 

and  Oxomethylene  Compounds 


Name  and  Formula 


cetoin 

H3COCOCH3 

cetone 

H3COCH3 

ethyl  ethyl  ketone 
pH5COCH3 

yclopentanone 
2C - CH2 

C  C=0 

H2 

yclohexanone 


H2 


CH, 


c=o 


H2 

ethylheptanone 

C=C  H-C  H,-C  H,-C  O-C  H, 

C/ 

henylacetaldehyde 
|6H6-CH2-CHO 

ydrindone  (a) 

— C=0 

I 

CH, 

./ 

h2 

Tetralone 

O 


Oxidation  product 


CH3COCHO 

CH3COCOCH3  and 
C2H5COCHO 


h2c 


h2c 


c=o 

I 

c=o 


'C"' 

H, 


H, 


H2C 


h2c 


c=o 

I 

C— O 


H, 


H3C- 


H,C- 


C= C  H-C  H,-C  O-C  O-C  H, 


C6H6-CO-CHO 


yv 


V\c/ 


C=0 

I 

c=o 


Color 


Red 

Red 

Brown- 

red 

Orange 


Red 


Yellow- 

orange 

Orange 

Orange 


Orange 
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Limit  of 

identifi¬ 

cation 


0.5  y 

50  y 
25  y 

5  y 


2.5  y 


2.5  y 

5  y 
10  y 


10  y 
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a)  Compounds  of  the  acyloin  type,  Rx— CO— CH(OH)— R2,  can  be 
oxidized,  just  as  the  oxomethylene  groups,  to  the  corresponding  dioxo 
compounds.  1  his  grouping,  in  distinction  to  the  oxomethylene  grouping,  is 
easily  oxidized  to  o-diketones  by  other  oxidizing  agents  also  (chromic  acid, 
potassium  ferricyanide,  etc.). 

b)  Selenious  acid  is  also  capable  of  oxidizing  unsaturated  hydrocarbons 
to  the  corresponding  a,  /J-unsaturated  ketones  55  which  then,  in  turn,  may 
be  further  oxidized,  as  in  a),  to  diketones. 

c)  The  grouping  — CHOH — CH, —  also  can  be  oxidized  to  diketone  by 
the  action  of  selenious  acid. 

Procedure.  One  drop  of  the  alcoholic  test  solution  is  placed  in  a  capillary 
tube  along  with  several  grains  of  selenious  acid.  The  capillary  is  fused  shut  and 
heated  for  20  minutes  at  150°  to  170°  C.  When  cool,  the  capillary  is  opened,  its 
contents  transferred  to  a  centrifuge  tube,  and  warmed  briefly  with  2  drops  of  the 
hydroxylamine  solution  just  described.  The  oxime  is  formed  and  the  excess 
selenious  acid  is  reduced  to  selenium.  A  little  animal  charcoal  is  added  and  the 
selenium  is  separated  by  centrifuging.  One  drop  of  the  clear  supernatant  solution 
is  placed  on  paper  and  spotted  with  1  drop  of  5  %  nickel  acetate  solution.  A 
yellow  or  red  fleck  appears  if  the  oxomethylene  group  is  present 

The  identification  limits  for  the  detection  of  oxomethylene  compounds  are 
given  in  Table  11. 

(3)  Test  for  aromatic  o -dioxo  compounds  by  conversion  into  oxazine  dyes  56 

The  action  of  2-amino-5-dimethylaminophenol  (I)  on  aromatic  o-diketones, 
such  as  phenanthraquinone  (II),  involves  first  a  mutual  reduction  and 
oxidation  to  the  system  of  compounds  (III)  and  (IV).  The  interaction  con¬ 
tinues  as  a  condensation  between  (III)  and  (IV),  and  the  deep  blue  oxazine 
dyestuff  with  the  quinoidal  cation  (V)  results: 
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The  formation  of  this  dye  occurs  only  with  aromatic  dioxo  compounds 
which  are  not  oximated  when  subjected  to  the  procedure  described  in  (1). 
Accordingly,  aliphatic  1,2-  and  aromatic  o-dioxo  compounds  can  be  distin¬ 
guished  from  each  other  by  the  dioxime  formation  on  the  one  hand,  and 
through  the  oxazine  formation  on  the  other. 

Care  must  be  taken  that  the  sample  contains  no  oxidizing  agent,  since 
the  latter  will  react  with  the  reagent  and  form  colored  quinoidal  compounds. 

Procedure.  One  drop  of  the  test  solution  is  placed  in  a  micro  test  tube  and 
treated  with  2  drops  of  freshly  prepared  reagent  solution.  A  more  or  less  intense 
blue  appears  either  immediately  or  after  gentle  warming,  depending  on  the  quan¬ 
tity  of  dioxo  compound  present.  When  dealing  with  small  quantities  it  is  well  to 
run  a  blank  and  to  view  the  color  against  a  white  background. 

Reagent:  0.05  g  2-nitroso-5-dimethylaminophenol 57  is  suspended  in  5  ml 
glacial  acetic  acid;  and  shaken  with  zinc  dust  (with  cooling)  until 
decolorized,  filtered,  and  the  filtrate  diluted  to  10  ml  with  glacial 
acetic  acid.  The  reagent  must  always  be  freshly  prepared  because  it 
turns  light  blue  on  standing  in  contact  with  the  air. 

The  reaction  as  described  revealed:  2  y  benzil;  1  y  camphorquinone ; 
0.25  y  phenanthraquinone. 


(4)  Test  for  aromatic  and  aliphatic  diketones  through  formation  of  dihy- 
dropyrazines  58 

Aromatic  and  aliphatic  diketones  condense  easily  and  quickly  with 
ethylenediamine  to  form  dihydropyrazines ; 


C=o 

I 

c=o 


+ 


h2n—  ch2 

H,N-CH„ 


Nv 


C 

I 

c 


C  H., 


CH, 


+  2  H20 


N' 


Therefore,  the  consumption  of  ethylenediamine  can  be  used  to  reveal  the 
presence  of  diketones  of  the  types  named.  This  test  is  described  on  page  189 
in  connection  with  the  test  for  primary  and  secondary  aliphatic  amines 
which  is  based  on  their  reaction  with  carbon  disulfide  to  produce  dithio- 
carbamates  of  the  respective  amines. 


(5)  Test  for  1 ,2-diketones  by  condensation  with  thiophen  " 

When  dissolved  in  concentrated  sulfuric  acid,  1,2-diketones  such  as 

th,Th  lsatm’.ninhydnn  (tnketohydrindene),  condense  with  thiophen  (and 
thiophen  derivatives  with  a  free  a-position)  to  yield  colored  compounds 

P  313?  the  °r  ,feaCtl0nSa  7hiCh  pr°vide  sensitive  tests  for  thiophen  (see 
p.  313),  the  sulfuric  acid  functions  both  as  dehydrating  agen?  and  as 
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oxidant  (compare  page  105).  The  condensation  of  diketones  and  thiophen 
can  be  represented  by  the  general  scheme: 


— C=o 

2  |  +2 

— c=o 


U 


2  H,0  + 


— c=o 


— C; 


^ s ^ 


o=c— 

=c— 


I  hese  condensations,  which  produce  colored  quinoidal  compounds,  provide  a 
test  not  only  for  thiophen  but,  in  general,  conversely  also  a  test  for  1,2-di¬ 
ketones  if  a  dilute  solution  of  thiophen  in  an  indifferent  solvent  is  used  as 
reagent.  These  tests  are  of  limited  application  in  that  they  lead  to  the 
desired  goal  only  with  those  diketones  whose  solutions  in  concentrated 
sulfuric  acid  are  stable  and  colorless  or  almost  without  color.  For  instance, 
diacetyl,  CH  CO — COCH3,  is  excluded  because  it  is  carbonized  by  concen¬ 
trated  sulfuric  acid.  Attention  must  be  given  to  the  fact  that  cold  concen¬ 
trated  sulfuric  acid  produces  a  variety  of  colors  with  many  (even  colorless) 
compounds,  particularly  those  which  are  polycyclic  or  highly  substituted.60 
To  detect  1,2  diketones  in  the  presence  of  such  compounds,  a  comparison 
test  with  a  solution  of  the  sample  in  concentrated  sulfuric  acid  should  be 
conducted  without  addition  of  thiophen. 

Procedure.  A  drop  of  the  solution  to  be  tested  (if  possible  in  alcohol)  is  placed 
in  a  micro  test  tube  and  evaporated  to  dryness  in  a  water  bath.  Alternatively, 
fractions  of  a  milligram  of  the  solid  may  be  taken.  The  material  or  residue  is 
dissolved  or  suspended  in  three  drops  of  concentrated  sulfuric  acid  and  treated 
with  two  drops  of  thiophen  solution.  Depending  on  the  quantity  of  1,2  diketone 
present,  a  characteristic  color  appears  at  once  or  within  fifteen  minutes  at  most. 
A  blank  test,  without  addition  of  thiophen,  is  advisable  in  all  cases. 

Reagents:  1 )  Sulfuric  acid,  concentrated 

2)  Thiophen,  0.3  %  solution  in  purest  (thiophen-free)  benzene 

The  foregoing  procedure  revealed 

5  y  benzil  (violet  to  pink) 

10  y  phenanthraquinone  (blue  to  blue-green) 

5  y  isatin  (blue  to  blue-green) 

1.5  y  triketohydrindene  (violet  to  pink) 

4  y  rhodizonic  acid  (blue-green) 

Alloxan  in  amounts  up  to  25  y  gives  a  blue  color;  smaller  quantities  yield  pink 
colorations. 

12.  Aldehydes  (CHO-group) 


(1)  Test  with  triphenylmethane  dyes  61 

Sulfurous  acid  decolorizes  tripenylmethane  dyes  such  as  ^-fuchsin  (I)  by 
destroying  the  quinoid  structure  with  production  of  the  N-sulfimc  acid  of 
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the  leuco  sulfonic  acid  (II).  The  resulting  colorless  solutions  turn  red  to  blue 
on  the  addition  of  aldehydes  (R— CHO).  The  aldehyde  restores  the  quinoid 
structure,  and  consequently  the  color,  by  combining  with  the  sulfurous  acid 
which  has  reacted  with  the  dye.  On  the  addition  of  aldehyde,  the  initial 
product  is  the  colorless  compound  (III).  The  second  step  involves  the  loss 
of  the  sulfonic  acid  group  attached  to  the  carbon  atom  and  the  pink  quinoid 
dye  (IV)  is  formed.  Analogous  changes  occur  with  other  triphenylmethane 
dyes.62 


HN= 


>— NHS02CH(0H)R 


(IV) 

pink 


The  reaction  between  aldehydes  and  solutions  of  fuchsin  or  malachite 
green,  which  have  been  decolorized  by  sulfite,  can  be  carried  out  as  a  spot 
reaction  (a)  on  a  spot  plate,  or  (b)  on  filter  paper. 


Procedure. 63  (a)  A  drop  of  the  alcoholic  or  aqueous  solution  is  treated  on  a 
pot  plate  with  a  drop  of  sulfurous  acid  and  a  drop  of  fuchsin-sulfurous  acid  and 

amount  o^alTehydeVretnth1116  COl°r  ^  mmUt6S  aCCOrdinS  to  ^ 

")  1  A  solution  of  sulfurous  acid 

*  See  W.  C.  Tobie,  Ind.  Eng.  Chem.,  Anal  Ed  14  MQ491  ans  ,. 
winch  also  reveals  free  aldehyde  groups  in  certain  aldose^  °  regardlng  an  improved  reagent 
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The  following  were  detected: 

1  y  formaldehyde  100  y  o-hydroxybenzaldehyde 

4  y  acetaldehyde  (freshly  distilled)  50  y  m-hydroxybenzaldehyde 
20  y  furfural  (freshly  distilled)  1000  y  p-hydroxybenzaldehyde 

30  y  benzaldehyde  (freshly  distilled)  1000  y  anisaldehyde  (freshly  distilled) 
40  y  o-nitrobenzaldehyde  8  y  cinnamaldehyde  (freshly 

40  y  m-nitrobenzaldehyde  distilled) 

Oenanthal  gives  a  slight  reaction;  vanillin,  />-aminobenzaldehyde,  and  p- di- 
methylaminobenzaldehyde  give  none. 

Procedure. 64  (b)  A  drop  of  a  neutral  aldehyde  solution  is  placed  on  filter 
paper  impregnated  with  a  solution  of  malachite  green  decolorized  with  much 
alkali  sulfite.  A  green  spot  develops. 

Reagent  paper:  0.8  g  malachite  green  is  suspended  in  a  little  water  and 
brought  into  solution  by  adding  3  g  sodium  sulfite,  and  warm¬ 
ing.  Two  grams  more  of  the  sulfite  is  added,  and  the  solution 
filtered.  Thin  filter  paper  is  bathed  in  the  cooled  yellowish 
liquid  and  dried  in  the  air. 

This  color  reaction  will  reveal  20  to  300  y  aldehyde. 


(2)  Test  with  o -dianisidine  65 

Primary  aromatic  amines  condense  with  aliphatic  and  aromatic  aldeh}  des 
in  acetic  acid  solution.  The  condensation  products,  which  are  colored  in 
some  cases,  are  known  as  Schiff  s  bases,  hor  example. 


CH3CHO  +  2  QH.NH, 


ch3ch<^  +  h2o 

XNHC8Hs 


C6H6CHO  +  C6H5NH2  ->  C6H5CH  =  NC6H5  +  h2o 

o-Dianisidine  (I)  is  especially  suitable  for  the  formation  of  colored  Schiff's 


bases  (II) : 

OCH3 


och3 

I 


OCH, 


OCH, 


H2N— 


NH, 


RHC=N 


N— CHR 


(!)  ,,,, 

Formation  ofa!raeceys  of  icct.m.des  is  probably  responsible  for  these  extraneous 
C°AU cyclic  compounds,  such  as  pinenes,  camphenes  and  others,  especially 
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when  present  in  high  concentrations,  form  brown  colors  with  the  reagent. 
They  can  interfere  with  the  test  when  the  sample  is  a  mixture,  such  as 
ethereal  oils.  The  brown  reaction  products  are  probably  addition  compounds. 


Procedure.  A  drop  of  the  sample  is  mixed  with  3  or  4  drops  of  reagent  solu¬ 
tion  in  a  microcrucible.  A  light  color  usually  appears  even  in  the  cold,  and  is 
intensified  by  heating,  either  on  an  asbestos  plate  or  over  a  microburner.  The 
reaction  may  also  be  carried  out  on  filter  paper,  by  treating  a  drop  of  the  sample 
solution  with  the  reagent  solution.  The  color  may  be  deepened  by  warming  over 
a  microburner. 

Reagent:  Saturated  solution  of  o-dianisidine  in  glacial  acetic  acid.  The  base 
is  purified,  when  necessary,  by  heating  with  adsorbent  charcoal  and 
filtering.  2,7-Diaminofluorene  may  be  used  in  place  of  o-dianisidine; 
it  forms  even  brighter  colors  with  some  aldehydes. 

The  colors  and  the  limits  of  identification  obtained  with  this  test  are  listed  in 
Table  12. 


Table  12.  Aldehydes 


Name 

Formula 

Color 

Limit  of 
identifica- 

In  the  cold 

On  heating 

tion,  y 

Formaldehyde 

HCHO 

Pale  yellow 

Orange- 

brown 

50 

Acetaldehyde 

CHgCHO 

Orange 

Dark  brown 

30 

Paraldehyde 

(CH3CHO)3 

Dark  olive 
green 

Dark  red- 
brown 

4 

Bromal 

CBr3CHO 

No  reaction 

Dark  green 

40 

Acrolein 

CH2CHCHO 

Red-brown 

Violet- 

brown 

0.1 

Crotonalde- 

hyde 

ch3chchcho 

Dark  red 

Dark 

brow-red 

9 

dJ 

Propionalde- 

hyde 

ch3ch2cho 

Dark  olive 
green 

Red 

20 

Oenanthal 

CH3(CH2)6CHO 

Red-brown 

Red 

9 

Decylaldehyde 

CH3(CH2)8CHO 

Pale  olive 

Dark  brown 

200 

Glyoxal 

OHC-CHO 

Brown - 
green 

Y  ellow- 
brown 

Polymer¬ 

ization 

«  ( continued ) 
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Table  12.  Aldehydes  (continued) 


Name 


a-Hydroxy-w-bu 
tyric  aldehyde 

Citral 


Citronellal 


Anisaldehyde 


Formula 


Color 


In  the  cold 


On  heating 


t 

C.H,< 


p-Aminobenz- 
aldehyde 

Benzaldehyde 

Benzaldehyde 
o-sulfonic  acid 

Cumic  aldehyde 

^-Dimethyl- 

aminobenz-  C6H4 

aldehyde 

Piperonal 

(heliotropin)  CH. 

Opianic  acid 

Salicylaldehyde 
(o-Hydroxy- 
benzaldehyde) 

w-Hydroxy- 
benzaldehyde 
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CH3CH2CHOHCHO 


C(CH3)  =  CHCHO 

I 

CH2CH2CHC(CH3)2 

CH(CH3)CH2CHO 

I 

CH2CH2C(CH2)CH3 
PCH8  (4) 

NCHO  (1) 
,NH2  (4) 


C6H, 

xCHO  (1) 

C6HsCHO 

/S03H  (2) 
6  4\CHO  (1) 


,CH(CH3)2  (4) 

CHO  (1) 
N(CH3)2  (4) 


CHO  (1) 


O 


6H3CHO 


C6H2(OCH3)2COOHCHO 
OH  (2) 


c6h4 


I 

:6h/ 


CHO  (1) 
OH  (3) 

CHO  (1) 


No  reaction 


Dark  red 


Deep  dark 
green 

Dark 

orange 


Orange- 

brown 


Orange 

Brown-red 

Dark 

carmine 

Orange-red 

Bright  red 

Olive  green 

Orange 

Dark 

brown- 

red 


Slight 

brown 

Red-black 


Carmine 

Red 

Red-brown 

Red-orange 

Dark  red 

Olive 

yellow 

Dark 

carmine 

Dark  red 

Brown 

Orange 

Dark 

cherry 

red 


Limit  of 
identifica¬ 
tion,  y 


0.1 


10 


0.4 

3 

3 


0.2 


70 


(i continued ) 


12 


ALDEHYDES 

Table  12.  Aldehydes  (continued) 


151 


,  Name 

Formula 

Color 

Limit  of 

identifica- 

In  the  cold 

On  heating 

tion,  y 

^-Hydroxy- 
ben  zaldehyde 

OH  (4) 

c6h4< 

XCHO  (1) 

Dark 

orange- 

red 

Cherry  red 

5 

o-Nitrobenz- 

aldehyde 

NOa  (2) 

C6H4< 

uHO  (1) 

Green- 

brown 

Red-brown 

5 

^-Nitrobenz- 

aldehyde 

/NO,  (4) 

c6h4< 

xCHO  (1) 

Orange- 

brown 

Red-brown 

1 

Phenylacet- 

aldehyde 

C6H5CH2CHO 

Dark 

brown-red 

Dark 

brown 

Always 

polymer¬ 

ization 

o-Phthalalde- 

hyde 

CHO  (2) 

c6h4<( 

XCHO  (1) 

Bright 

yellow 

precipi¬ 

tate 

Bright 

yellow 

precipi¬ 

tate 

Protocatechuic 

aldehyde 

OH  (4) 
C6H/OH  (3) 
XCHO  (1) 

Brown-red 

Dark  red 

7 

Tolylaldehyde 

CH3  (2) 

C6H4/ 

XCHO  (1) 

Dark 

orange- 

red 

Cherry  red 

5 

Vanillin 

OH  (4) 
C6H3^OCH3  (3) 
CHO  (1) 

Bright 

orange- 

red 

Cherry  red 

3 

Cinnamalde- 

hyde 

C6H5CHCHCHO 

Dark 

cherry 

red 

Cherry  red 

0.05 

2-Hydroxy- 1- 
naphthalde- 
hyde 

OH  (2) 

CioHZ 

XCHO  (1) 

Orange 

Brick  red 

10 

Furfural 

C4H30(CH0) 

Dark  red- 
violet 

Deep  blue- 
violet 

0.02 
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(3)  T est  with  azobenzenephenylhydrazine  sulfonic  acid  66 

The  aqueous  solution  of  azobenzenephenylhydrazine  sulfonic  acid  (I)  reacts 
with  aldehydes  giving  deep  red  or  blue  solutions.  Apparently  hydrazones  of 
azobenzenephenylhydrazine  (II)  are  formed: 


(I)  (II) 


This  color  reaction  may  be  applied  to  the  detection  of  aldehydes.  It  is 
carried  out  in  strongly  acid  solution,  with  heating,  and  the  product  of  the 
reaction  is  extracted  with  chloroform  in  the  presence  of  alcohol.  It  should 
be  noted  that  the  color  of  the  product  differs  for  aromatic  and  aliphatic 
aldehydes;  the  former  are  red,  the  latter  blue.  Aromatic  and  aliphatic 
aldehydes  may  be  differentiated  by  this  color  difference. 

Ketones  react  similarly  to  aldehydes,  but  much  less  readily.  The  following 
do  not  react :  esters,  alcohols,  phenols,  naphthols,  amines,  amides,  quinones, 
chloral. 


Procedure.  A  drop  of  the  test  solution  is  mixed  with  about  7  drops  of  reagent 
solution  and  4  drops  concentrated  sulfuric  acid  in  a  test  tube.  The  tube  is  then 
dipped  in  a  boiling  water  bath  for  30  seconds  and  allowed  to  cool.  A  few  drops 
alcohol  are  added  and  enough  chloroform  to  form  a  lower  layer.  About  5  drops 
hydrochloric  acid  are  added  and  the  mixture  shaken  vigorously.  In  the  presence 
of  aldehyde  (ketones)  the  chloroform  layer  is  colored. 

Reagents:  1)  Concentrated  hydrochloric  acid 

2)  Solution  of  0.018  g  azobenzenephenylhydrazine  sulfonic  acid67 

in  100  ml  water 

3)  Chloroform 


The  following  were  detected  by 

0.25  y  acetaldehyde 

0.25  y  formaldehyde 

0.36  y  paraldehyde 

0. 16  y  oenanthal 

4.5  y  glyceraldehyde 

2  y  phenylacetaldehyde 

0.2  y  benzaldehyde 

0.35  y  anisaldehyde 

0.35  y  salicylaldehyde 

0. 11  y  cinnamaldehyde 

0.86  y  o-benzaldehyde  sulfonic  acid 

0.5  y  o-nitrobenzaldehyde 

4.8  y  o-phthalaldehyde 
0.25  y  3-nitrosalicylaldehyde 

6.8  y  5-nitrosalicylaldehyde 


this  test: 

1  y  protocatechu  ic  aldehyde 
0.5  y  ra-hydroxybenzaldehyde 
0.2  y  ^-nitrobenzaldehyde 
0.16  y  vanillin 
1  y  piperonal 

0.5  y  2-hydroxy- 1-naphthaldehyde 
1.2  y  dimethylaminobenzaldehyde 

0.2  y  acrolein 
0.1  y  crotonaldehyde 
0.35  y  furfural 
40  y  acetone 
1 30  y  acetophenone 
25  y  cyclohexanone 
12  y  benzoin 
55  y  epichlorhydrin 
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(. 4 )  Test  by  catalytic  acceleration  of  the  oxidation  of  p-phenylenedi amine  by 
hydrogen  peroxide  68 

^>-Phenylenediamine  (I)  is  oxidized  by  hydrogen  peroxide,  in  acid  or 
neutral  solution,  to  a blackcompound  (II)  known  as  Bandrowski’s  base683-: 


It  has  been  found  that  the  velocity  of  the  oxidation  is  appreciably 
increased  by  aldehydes.69  This  peroxidase  reaction  may  be  applied  to  the 
detection  of  aldehydes,  if  the  test  is  carried  out  in  certain  definite  concen¬ 
trations  of  reagent  and  acid,  at  which  the  oxidation  rate  of  the  uncatalyzed 
reaction  is  lowered,  while  the  action  of  the  aldehydes  is  not  appreciably 
affected. 

In  neutral  solution,  all  aldehydes  form  a  black  color  or  precipitate  (with 
other  preceding  transitory  colorations)  which  last  a  little  longer  when  arom¬ 
atic  aldehydes  are  involved.  In  acid  solution,  the  aliphatic  aldehydes  be¬ 
have  in  the  same  way  as  in  neutral  solution,  but  most  aromatic  aldehydes 
form  a  yellow  precipitate  or  color  that  persists  for  some  time.  This  difference 
in  behavior  is  useful  in  distinguishing  between  aliphatic  and  aromatic 
aldehydes. 

Nitriles,  aldehyde  ammonia,  and  aldehyde  bisulfite  compounds  behave 

similarly  to  aldehydes.  Oximes  are  less  reactive ;  ketones  have  no  catalytic 
effect. 


Procedure.  A  drop  of  the  reagent  solution,  2  drops  acetic  acid,  and  2  drops 
hydrogen  peroxide  are  mixed  with  a  drop  of  the  test  solution  on  a  spot  plate.  A 
color  appears  in  the  presence  of  aldehydes;  this  appears  at  once  when  large 
amounts  are  present,  or  after  a  short  time  when  small  amounts  of  aldehyde  are 
involved.  It  is  advisable  always  to  carry  out  a  blank  test  on  a  drop  of  water,  and 
further  to  carry  out  a  parallel  test  omitting  the  acetic  acid  since  some  aldehydes 
react  more  rapidly  in  acid  solution  and  others  more  rapidly  in  neutral  solution 
A  yellow  color  in  acid  solution  indicates  the  presence  of  aromatic  aldehydes. 

Reagents:  1)  2  N  acetic  acid 

2)  2  %  solution  of  £>-phenylenediamine 
<3)  3  %  hydrogen  peroxide 

Talk  nmitS  °f  iimti^cation  obtai"«l  with  this  color  reaction  are  listed  in 
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Table  13.  Aldehydes  and  Aldehyde  Derivatives 


Name 

Color 

Limit 
of iden- 

Formula 

In  acid 

In  neutral 

tifica- 

solution 

solution 

tion,  y 

Formaldehyde 

HCHO 

Green 

Black 

0.02 

Black 

Black 

Acetaldehyde 

CH3— CHO 

Green 

Black 

0.01 

Black 

Black 

Propionalde- 

C2H5— CHO 

Brown 

Brown 

35 

hyde 

Black 

Black 

10 

Oenanthol 

CH3 — (CH2)5 — CHO 

Green 

Violet 

0.3 

Black 

Black 

Phenylacet- 

C6H6— CHa— CHO 

Green 

Violet- 

10 

aldehyde 

Black 

black 

5 

Glyceraldehyde 

CH2OH — CHOH — CHO 

Violet 

Greenish 

12 

Black 

Black 

8 

Acrolein 

CH2  =  CH— CHO 

Green 

Red 

0.25 

Black 

Black 

Crotonalde- 

CH3— CH  =  CH— CHO 

Light 

Brown 

0.12 

hyde 

• 

brown 

Black 

Black 

Benzaldehyde 

C6H6— CHO 

Yellow 

Brown 

Black 

3.5 

o-Benzaldehyde 

C6H4(S03H)CH0(1,  2) 

Green 

Red-violet 

1.6 

sulfonic  acid 

Black 

Phthalic  acid 

C6H4(CHO)2  (1,  2) 

Yellow 

Black 

4 

1 

dialdehyde 

o-Hydroxy- 

C6H4(OH)CHO 

Orange 

Yellow 

0.7 

benzaldehyde 

yellow 

Black 

w-Hydroxy- 

ft 

Yellow 

Violet 

Black 

0.5 

benzaldehyde 

o-Nitrobenzal- 

C6H4(N02)CH0 

Violet 

Violet 

Black 

0.6 

dehyde 

0.8 

^-Nitrobenzal- 

1 1 

Orange- 

red 

Red- 

brown 

dehyde 

Black 

(continued) 
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Table  13.  Aldehydes  and  Aldehyde  Derivatives  (continued) 


Color 

Limit 

of  iden¬ 
tifica¬ 
tion,  y 

Name 

Formula 

In  acid 
solution 

In  neutral 
solution 

Anisaldehyde 

C6H4(OCH3)CHO 

Light 

yellow 

Darker 

5 

Protocatechu  ic 
aldehyde 

C6H3(OH)2CHO  (1,  2,  4) 

Orange 

Greenish- 

brown 

1.2 

Vanillin 

C6H3(OH)(OCH3)CHO  (1,  2,  4) 

Yellow 

Brown 

Black 

2 

Cinnamalde- 

hyde 

C6H5— CH  -  CH— CHO 

Orange 

Violet 

Black 

0.2 

5-Nitrososali- 

cylaldehyde 

bisulfite 

OH 

C6H3(0H)(N02)CH<(  (2,  5,  1) 
XS03Na 

Orange 

Brown 

Black 

0.15 

Salicylalde- 
hyde  bisulfite 

OH 

C6H4(OH)CH/  (2,  1) 

XS03Na 

Orange 

Yellow 

Black 

0.78 

Anisaldehyde 

bisulfite 

OH 

CHaO — C6H4 — CH.  ( 1 ,  4) 

XS03Na 

Light 

yellow 

Brown 

6.5 

Cinnamalde- 
hyde  bisul¬ 
fite 

OH 

C6H5— CH  =  CH— CHC 

XS03Na 

Yellow 

Black 

0.8 

Furfural  bisul¬ 
fite 

OH 

c4h3o— CHC 

XS03Na 

Yellow 

Darker 

Brown 

Black 

0.66 

Acetaldehyde 

ammonia 

OH 

ch3— ch/ 

xnh2 

Green 

Black 

Green 

Black 

0.06 

Hexamethyl¬ 

enetetramine 

(CH2)6N4 

Violet 

Black 

Violet 

Black 

50 

Mandelonitrile 

C6H5— CHOH— CN 

Yellow 

Brown 

Dark- 

brown 

4 

Propionaldehyde 

cyanhydrin 

C2H5— CHOH— CN 

Violet 

Dark- 

brown 

34 

10 
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(5)  Other  tests  for  aldehydes 

(a)  1  he  formation  of  alkyl  hydroxamic  acids  from  benzene  sulfohydroxa- 
mic  acid,  alkali,  and  aldehyde  70  can  be  used  as  the  basis  of  a  spot  reaction 
for  aldehyde.71  One  drop  of  the  test  solution  is  mixed  with  1  or  2  drops  of 
an  alcohol  solution  of  benzene  sulfohydroxamic  acid  and  1  drop  1  N  sodium 
hydroxide.  After  5  minutes  the  mixture  is  acidified  with  1  drop  0.5  N  HC1. 
The  addition  of  1  drop  1  %  ferric  chloride  solution  produces  a  red  color 
( Idn .  Limit:  2  to  100  y  aliphatic  or  aromatic  aldehyde). 

(b)  The  test  for  sugars  described  on  page  286,  by  reducing  silver  oxide, 
is  a  special  application  of  a  general  aldehyde  test.72  This  reaction  may  be 
used  to  differentiate  aldehydes  from  ketones.  Among  the  aliphatic  alde¬ 
hydes,  the  reactivity  decreases  as  the  number  of  carbon  atoms  increases. 
Benzaldehyde  and  aromatic  aldehydes  react  quite  slowly.73  Organic  com¬ 
pounds  that  form  silver  sulfide  interfere. 

(c)  One  drop  of  the  test  solution  is  shaken  with  1  ml  ammoniacal  fuchsin 
solution.  If  a  violet  color  appears  within  1  minute,  aldehyde  is  present.74  Alde¬ 
hydes,  such  as  vanillin  and  salicylaldehyde,  which  are  insoluble  in  water, 
also  react.  (The  fuchsin  solution  contains  0.05  g  rosaniline  base  dissolved 
in  100  ml  water,  treated  with  2  ml  concentrated  ammonia,  boiled  for  5 
seconds,  cooled,  and  made  up  to  200  ml  with  C02-free  water.) 


13.  a,/9-Unsaturated  and  Aromatic  Aldehydes 
(^C  =  C — CHO  group) 


(7)  Test  with  hydrogen  sulfide  and  sodium  pentacyanoammine  ferroate  75 

The  light  yellow  aqueous  solution  of  sodium  pentacyanoammine  ferroate 
Na3[Fe(CN)5NH8]  gives  a  deep  blue  color  with  thioketones,  and  with  aromatic, 
and  a,  ^-unsaturated  aldehydes  in  the  presence  of  hydrogen  sulfide.  The 
reaction  with  these  types  of  aldehydes  probably  involves  the  intermediate 
formation  of  thioaldehydes,  which  normally  polymerize  readily  with  the 
ferroate.  However,  in  the  presence  of  pentacyanoammine  ferroate,  they 
react  in  the  monomolecular  form  initially  produced  in  (7),  with  replacement 
of  ammonia  as  shown  in  (2) : 


RCHO  +  H2S  =  RCHS  +  H20 
Na3[Fe(CN)5NH3]  +  RCHS  =  Na3[Fe(CN)5(RCHS)]  +  NHa 


(7) 

(2) 


Procedure.  A  drop  of  the  reagent  solution  and  a  drop  of  ammonium  sul 
solution  (free  from  polvsulfides)  are  mixed  in  a  microcrucible.  A  drop  of  the 
aqueous  or  alcoholic  test  solution  is  added,  and  the  mixture  is  neutralized  with 
dilute  acetic  acid.  In  the  presence  of  reactive  aldehydes,  a  blue  to  green  color 
forms  according  to  the  amount  of  aldehyde  present. 
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An  excess  of  acetic  acid  is  to  be  avoided,  since  a  bluish  turbidity  can  appear 
even  in  a  blank  test.  The  strength  of  the  acetic  acid  should  therefore  correspond 
to  the  sulfide  solution  used. 

Reagents:  1)  1  %  solution  of  sodium  pentacyanoammine  ferroate  ‘6 

2)  Ammonium  sulfide  solution 

3)  Dilute  acetic  acid 


The  limits  of  identification  to  be  obtained  with  this  reagent  are  given  in  Table  14. 
Table  14.  a,  /MJnsaturated  and  Aromatic  Aldehydes 


Name 

Formula 

Limit  of 
Identifica¬ 
tion,  y 

Benzaldehyde 

C6H6CHO 

1 

Anisaldehyde 

C6H4(OCH3)CHO  (1,  4) 

2 

Salicylaldehyde 

j 

2 

m-Hydroxybenzaldehyde 

C6H4(OH)CHO 

1 

^-Hydroxybenzaldehyde 

) 

2 

o-Benzaldehyde  sulfonic  acid 

C6H4(S03H)CH0  (1,  2) 

3 

o-Nitrobenzaldehyde 

) 

4 

w-Nitrobenzaldehyde 

C6H4(N02)CH0 

1 

^-Nitrobenzaldehyde 

) 

2 

Protocatechuic  aldehyde 

C6H3(OH)2CHO  (3,  4,  1) 

1 

Vanillin 

C6H3(OH)(OCH3)CHO  (4,  3,  1) 

1 

Heliotropin 

/> 

1 

H2C<  >C6H3CHO  (3,  4,  1) 

xox 

o-Phthalaldehyde 

C6H4(CHO)2(l,  2) 

1 

Cinnamaldehyde 

CfiH5CH  :CHCHO 

2 

Furfural 

HC - CH 

ii 

1 

tJ  II 

HC  C-CHO 

\/ 

O 
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14.  o-Hydroxyaldehydes 


/  \-OH 
\  J— CHO 


-group 


(1)  Test  by  formation  of  fluorescing  aldazines 77 

In  neutral  or  acetic  acid  solution,  hydrazine  condenses  at  both  of  its 
NH2-groups  with  o-hydroxyaldehydes  (I)  to  produce  crystalline,  light 
yellow,  insoluble  Schiffs’  bases,  the  so-called  aldazines  (II): 


o 


+  h2n— nh2 


(I) 


\/OH 

HO\/ 

N— N 

H 

H 

(II) 

Without  exception,  the  aldazines  of  o-hydroxyaldehydes  exhibit  an  intense 
yellow-orange  fluorescence  in  ultraviolet  light.  The  phenolic  OH-group 
situated  ortho  to  the  aldehyde  group  is  essential  to  the  production  of  the 
fluorescence;  the  Schiffs’  bases  of  the  meta-  and  />ara-hydroxyaldehydes  do 
not  fluoresce.  Furthermore,  the  symmetric  structure  shown  in  (II)  and 
likewise  the  =N — N=  group  appear  to  be  essential,  since  the  phenyl- 
hydrazone  of  salicylaldehyde  which  lacks  these  features  does  not  fluoresce. 

The  condensation  of  o-hydroxyaldehydes  with  hydrazine  to  produce 
fluorescing  aldazines  occurs  almost  instantaneously  even  with  small  quanti¬ 
ties  of  the  aldehyde,  and  there  seems  to  be  no  steric  hindrance  even  when 
the  aldehyde  has  a  complicated  structure.  A  fundamental  advantage  with 
respect  to  the  analytical  application  of  this  fluorescence  reaction,  which  is 
specific  for  o-hydroxyaldehydes,  is  provided  by  the  resistance  of  the  aldazines, 
once  they  have  been  formed,  to  dilute  acids.  Fluorescene  reactions  in  neutral 
or  alkaline  solution  are  often  impaired  by  the  presence  of  even  small  amounts 
of  fluorescing  accompanying  materials  or  impurities,  and  this  deleterious 
effect  is  especially  marked  at  high  dilutions  of  the  material  to  be  detected. 
Such  interferences  are  usually  decreased  or  entirely  averted  by  acidification. 
The  acid-resistance  of  the  aldazines  of  o-hydroxyaldehydes  makes  it  possible 

to  detect  their  presence  in  fluorescing  samples. 

Compare  pages  135,  268,  270  regarding  the  use  of  the  aldazine  reaction  for 
the  detection  of  phenols,  salicylaldehyde  and  saligenm  (=  o-hydroxybenzyl 
alcohol).  It  should  be  noted  that  /,-dimethylaminobenzaldehyde  gives  a 
fluorescent  aldazine  with  hydrazine.  Compage  page  219. 

Procedure.  A  drop  of  the  solution  of  the  test  material  in  alcohol,  acetone  di- 
oxane  etc  is  placed  on  filter  paper  and  spotted  with  a  drop  of  hydrazine  solution. 
If  preferred  fiber  paper  impregnated  with  hydrazine  solution  may  be  used  t 
Lit  reagent  papeL  is  spotted  with  the  test  solution.  Accord, ngtothequanty 
of  o-hydroxyaldehyde  present,  a  more  or  less  mtense  yellow-orange  g 
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fleck  appears  at  once  or  within  a  minute  or  two.  The  fluorescing  fleck  persists 
even  though  the  paper  is  bathed  in  acetic  or  dilute  mineral  acid. 

If  the  highest  sensitivity  of  the  test  is  not  needed,  the  solid  test  material  may 
be  spotted  directly  with  hydrazine  solution. 

Reagents:  1)  5  g  hydrazine  sulfate  and  10  g  sodium  acetate  dissolved  in 
100  ml  water 
2)  11V  hydrochloric  acid 


This  procedure  gave  positive  results  with : 

1  y  Salicylaldehyde 


CHO 

OH 


C II, 


0.8  y  6-Methyl-4,  5-dihydroxysalicylaldehyde ho/  \cHO 

HO^  /OH 


6.4  y  /J-Orcinol  aldehyde 


hov  yon 

CHO 


C  Ho 


2.4  y  Thamnol 


OH 

Hok  ;oh 

CHO 


CH, 


OCOOH 
OH 


v 

CHO 


CH, 


1.8  y  Haematommic  acid  methyl  ester 
monomethylether 


11  Y  Haematommic  acid  methyl  ester 
monobenzylether 


COOCH, 


ho^  Jocn3 

CHO 


CH, 


COOCH, 


CH, 


3.4  y  Psormic  acid 


HO 


HO*\  JOBzl 
CHO 

CH, 


— CO— O— 

— O - 


CH 


2.2  y  Protocetraric  acid 


HO 


COOH 
OH 
CHO 

s  CH2OH 


—CO— O— 
— O - 


CHO 


OH 

COOH 


Besides  these,  a  positive  reaction  was  also 
zinic  acid  78. 


given  by  norstictic  acid  and  sala- 
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15.  Methyl  Ketones  (CH3CO-group) 


( 1 )  Test  with  sodium  nitroprusside  79 

Acetone  gives  an  intense  red-yellow  color  with  sodium  nitroprusside  and 
alkali;  this  changes  to  pink-violet  on  acidifying  with  acetic  acid.  Under  these 
conditions  an  alkaline  solution  of  sodium  nitroprusside  is  decolorized.  The 
mechanism  of  this  color  reaction  is  not  known.  Other  methyl  ketones  react 
similarly  to  acetone,  wheras  other  ketones  give  no  reaction. 


Procedure. 80  A  drop  of  the  aqueous  or  alcoholic  test  solution  is  mixed  in  a 
microcrucible  with  a  drop  of  sodium  nitroprusside  solution  and  a  drop  of  sodium 
hydroxide  solution.  After  a  short  time,  when  a  slight  color  usually  develops.  1  or 
2  drops  glacial  acetic  acid  is  added.  A  red  or  blue  color  indicates  the  presence  of  a 
methyl  ketone. 

Reagents:  1)  5  %  solution  of  sodium  nitroprusside 

2)  30  %  sodium  hydroxide 

3)  Glacial  acetic  acid  • 


The  following  wrere  detected : 

2  y  acetophenone  (blue 
10  y  acetone  (pink) 

10  y  methyl  ketone  (pink) 

10  y  methylheptanone  (brown- violet) 
10  y  methyl  stearyl  ketone  (red) 

2  y  acetylacetone  (purple) 


4  y  acetoacetic  ester  (orange) 

10  y  diacetyl  (pale  pink) 

15  y  pyruvic  acid  (alkaline:  red; 

acid:  dirty  brown) 

15  y  acetone  dicarboxylic  acid 
(violet)  • 


(2)  Test  by  conversion  into  indigo  81 

Indigo  is  formed  by  the  action  of  o-nitrobenzaldehyde  (I)  on  acetone  in 
alkaline  solution.  o-Nitrophenyl-lactyl  ketone  (II)  is  first  formed,  which  loses 
a  molecule  of  acetic  acid  and  probably  forms  o- nitrostyrol  (III)  as  inter¬ 
mediate,  which  by  intramolecular  condensation  is  converted  into  indolone 
(IV),  and  this  polymerizes  to  indigo  (V): 


+  CH3COCH3 


(i) 


HOH 

a'\CH2COCH3 
N02 

(II) 


(IV) 


(V) 
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o-Nitrobenzaldehyde  similarly  forms  indigo  with  all  substances  which 
contain  the  CH3CO  grouping,  so  that  the  formation  of  the  dye  may  be 
applied  as  a  test  for  this  group. 


Procedure. 82  A  drop  of  the  test  solution  which,  if  possible,  should  not  be 
alcoholic,  is  treated  in  a  micro  test  tube  with  a  drop  of  an  alkaline  solution  of 
o-nitrobenzaldehyde,  and  gently  warmed  in  a  water  bath.  The  cooled  mixture  is 
extracted  with  chloroform.  A  blue  color  in  the  chloroform  layer  indicates  the 
presence  of  a  methyl  ketone.  Alcoholic  solutions  sometimes  produce  a  red  instead 
of  a  blue  color  in  the  chloroform  layer. 

Reagents:  1)  Saturated  solution  of  o-nitrobenzaldehyde  in  2  AT  sodium 
hydroxide 
2)  Chloroform 


The  following  amounts  were  detected : 
100  y  acetone 

150  y  methyl  ethyl  ketone 
150  y  methylheptanone 
50  y  acetophenone 


200  y  acetylacetone 
40  y  diacetyl 
300  y  acetoacetic  ester 
100  y  acetaldehyde 


16.  Oximes  and  Hydroxamic  Acids  (=NOH  and  — NHOH  groups) 

(1)  Test  by  splitting  off  hydroxylamine  and  oxidation  to  nitrous  acid  83 

If  aldoximes  and  ketoximes,  or  hydroxamic  acids  derived  from  carboxylic 
and  sulfonic  acids,  are  warmed  with  concentrated  hydrochloric  acid,  the 
NOH-group  is  split  off  as  hydroxylamine  hydrochloride  (. 1 ,  la,  lb).  The 
hydroxylamine  can  be  oxidized  to  nitrous  acid  by  iodine  in  acetic  acid 
solution  (2):- 84  If  the  oxidation  is  carried  out  in  the  presence  of  sulfanilic  acid 
the  latter  is  diazotized  by  the  nitrous  acid  (3).  After  the  excess  iodine  is 
removed  by  means  of  thiosulfate  (4),  the  />-diazoniumbenzene  sulfonic  acid  (I) 
can  be  coupled  with  a-naphthylamine  (II)  to  produce  the  red  azo  dye- 
/>-benzenesulfomc  acid-azo-a-naphthylamine  (III)  (5).  The  reactions  are- 


^C-NOH  +  H20  +  HC1  ^^>C  =  0  +  NHjjOHHCl 

RCO(NHOH)  +  HzO  +  HC1  ->  RCOOH  +  NH2OHHCl 

RS02(NHOH)  +  H20  +  HC1  -*  RS03H  +  NH2OH-HCl 

NH2OH  +  2  I2  -f  H20  ->  HNOz  -f  4  hi 
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N— NCI 


+  2H.0 


SOsH 


I2  +  2  Na2S203  ->•  2  Nal  +  Na2S4Oe 


(•3) 


U) 


The  reactions  (2)-(5),  of  which  (3)  and  (5)  constitute  the  basis  of  the 
familiar  and  sensitive  Griess  test  for  nitrite,  proceed  so  rapidly  and  com¬ 
pletely  that  they  can  serve  as  the  basis  of  a  specific  test  for  small  amounts 
of  aldoximes,  ketoximes  and  hydroxamic  acids. 

Procedure.  The  sample  substance  (solutions  should  be  evaporated  to  dry¬ 
ness)  is  heated  in  a  microcrucible  with  3  drops  cone,  hydrochloric  acid  until  the 
volume  is  reduced  to  one-fifth  of  the  original.  A  few  mg  solid  sodium  acetate, 
1  or  2  drops  of  a  solution  of  sulfanilic  acid,  and  a  drop  of  iodine  in  glacial  acetic 
acid  are  added  in  succession.  The  mixture  is  left  for  2  or  3  minutes.  Any  excess 
free  iodine  is  removed  by  sodium  thiosulfate,  and  then  a  drop  of  a-naphthyl- 
amine  solution  is  added.  A  more  or  less  intense  red  color  appears,  according  to  the 
amount  of  oxime  or  hydroxamic  acid  present. 

Reagents:  1 )  Concentrated  hydrochloric  acid 

2)  Sodium  acetate  (solid) 

3)  0.1  N  iodine  in  acetic  acid:  1.3  g  iodine  in  100  ml  glacial  acetic 

acid 

4)  Sulfanilic  acid  solution :  10  g  sulfanilic  acid  in  750  ml  water  and 

250  ml  glacial  acetic  acid 

5)  0.1  N  sodium  thiosulfate 

6)  a-Naphthylamine  solution :  3  g  base  in  700  ml  water  plus  300  ml 
glacial  acetic  acid 

The  limits  of  identification  for  diSerent  oximes  and  hydroxamic  acids,  using 
this  test,  are  given  in  Table  15. 
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Limit  of 

Name 

Formula 

identifica- 

tion,  y 

Acetone  oxime 

H3C— C(NOH)— CHg 

0.08 

Diacetyl  dioxime 

H3C— C(NOH)— C(NOH)—  ch3 

0.03 

Isonitrosoacetophenone 

C6H5 — CO — CH(NOH) 

7 

H2 

0.1 

h2c 

C=NOH 

Cyclohexanedione  dioxime 

1 

h2c 

1 

C  =  NOH 

H2 

ch3 

0.5 

h2c 

CO 

I  sonitrosocamphor 

h3c-( 

:-ch, 

h2c 

C=NOH 

s''' 

H 

Benzil  dioxime 

C6H5— C(NOH)—  C(NOH)—  c6h6 

0.05 

Oxobenzalbutanone  oxime 

C6H5— CH  =  C(CH3)— C(NOH)— CH3 

0.2 

Desoxybenzoin  oxime 

C6H5 — C(NOH) — CH2 — C6H6 

0.4 

Benzoin  oxime 

C6H5— C(NOH)— CH(OH)— C6H5 

0.1 

Isonitrosomethyl  ethyl  ketone 

h3c— CO- 

-C(NOH) — CH3 

8 

Methyl  ether  of  salicylal- 
doxime 

C6H4(OCH3)CH(NOH) 

6 

Benzhydroxamic  acid 

C6H5— C(NOH)OH 

0.2 

Benzenesulfhydroxamic  acid 

C6H5— SOz(NHOH) 

0.9 

Benzylbenzoin  oxime 

C6H5-C(NOH)-C(OH)-C6H5 

0.6 

ch2c6h5 

l-Nitroso-2-naphthol  (as  well 

NO 

NOH 

0.5 

as  the  isomeric  2-nitroso- 
1-naphthol) 

00OH 

-(Tj° 

V\x 

w 
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17.  Thioketoncs  and  Mercaptans  (Thiols) 
C=S  and  C — SH  (Na,  K,  etc.)  groups) 


(1)  Test  by  catalytic  acceleration  of  the  iodine-azide  reaction  85 
The  reaction: 

2  NaN,  +  I2  =  2  NaI  +  3  N2 

which  alone  proceeds  extremely  slowly,  is  catayzed  not  only  by  inorganic 
sulfides,  thiosulfates  and  thiocyanates  (see  Vol.  I  pages  280,  294,  and  265)  but 
also  by  organic  compounds  containing  the  group  /C=S  or  — SH. 
Other  organic  sulfur  derivatives  such  as  thioethers  (R — S — R),  disulfides 
(R — S— S — R)  [with  the  exception  of  diacyldisulfides  (R— CO— S— S— 
CO— R)],  sulfones  (R— S02— R),  sulfinic  acids  (R — S02H)  and  sulfonic  acids 
(R — S03H)  or  the  salts  of  these  acids,  all  exert  no,  or  at  the  most,  very 
slight  effect  on  the  reaction.  The  catalytic  hastening  of  the  iodine-azide 
reaction  is  therefore  specific  for  thioketones  and  mercaptans  (thiols).  It 
permits  the  detection  of  very  small  quantities  of  these  compounds  of 
bivalent  sulfur. 

The  mechanism  of  the  catalytic  effect  of  mercaptans  and  thioketones  on 
the  iodine-azide  reaction  has  not  been  completely  elucidated.  In  all  likelihood 
the  same  explanation  will  not  be  valid  for  all  compounds.  The  action  of 
mercaptans  is  probably  analogous  to  the  catalytic  activity  of  hydrogen 
sulfide-  thiocyanates,  and  soluble  metal  sulfides.  It  possibly  involves  the 
formation  of  a  reactive  labile  intermediate  compound,  RSI  ( 1 ),  which  reacts 
with  sodium  azide,  as  shown  in  (2).  The  summation  of  (/)  and  (2)  gives  t  le 
equation  of  the  uncatalyzed  reaction,  in  which  the  regenerated  catalyst  no 

longer  appears: 

RS  Na  +  !,-*■  R-S-I  +  NaI . rapid  (1) 

r _ S _ I  +  2  NaN,  RSNa  +  NaI  +  3  Na  •  •  •  rapid  (2) 


2NaNs  +  I,-2NaI  +  3Na . rapid  (/ +  2) 

Thioketones  probably  also  form  an  analogous  labile  intermediate  product 
containing  iodine,  >C<f,  which  can  react  with  sodium  aside  with  re- 
generation  of  the  catalytically  active  thioketones: 


+  2  NaN3  ->  ^>C  =  S  +  2  NaI  +  3  N2 


It  is  aiso  possibie  that  another 

dlSCUSSetdheI  evTution'of  ‘  mtr^n  in  a  sodium  as.de-iodme  solution  can  be 


Hence 
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used  equally  well  for  the  detection  of  the  —  S  and  ^>C  SH  groups  as  for 
inorganic  sulfides.  Under  certain  conditions  (see  below),  it  may  also  be  used 
to  differentiate  between  these  two  groups. 

When  drawing  conclusions  from  the  results  of  the  iodine-azide  reaction 
regarding  the  type  of  binding  of  bivalent  sulfur  in  organic  compounds,  it  is 
necessary  to  keep  the  following  points  in  mind.  An  immediate  production 
of  nitrogen  (spontaneous  reaction)  can  be  taken  as  proof  of  the  presense 
0f  \,CS —  or  ^CSH —  groups,  provided  not  too  small  samples  are  being 
tested.  Likewise,  complete  lack  of  reaction  is  a  sure  indication  of  the  absence 
of  such  groups.  However,  between  these  extremes,  there  are  instances  in 
which  a  reaction  begins  only  after  several  minutes  or  sometimes  hours  and 
furthermore  usually  continues  quite  slowly.86  Such  cases  may  involve  slow 
hydrolytic  cleavages  being  undergone  by  the  test  substance,  or  by  its  parts 
that  are  in  water  solution,  with  formation  of  SH-  or  SNa-containing  products 
which,  of  course,  react  promptly  with  iodine-azide  solution.  It  should  also 
be  noted  in  this  connection,  that  the  reagent  solution  is  slightly  alkaline 
because  of  its  content  of  sodium  azide,  and  this  basicity  favors  hydrolytic 
splitting.  This  hydrolysis  may  be  responsible  for  the  fact  that  disulfides,87 
particularly  those  which  are  but  slightly  soluble  in  water  (e.g.  cystine),  and 
likewise  thioethers  and  sulfur-bearing  ring  compounds,  sometimes  give  a 
distinct  iodine-azide  reaction  after  they  have  been  in  contact  with  the 
reagent  solution  for  several  minutes. 

Procedure.  A  drop  of  a  solution  of  the  test  substance  in  water  or  an  organic 
solvent  *  is  mixed  on  a  watch  glass  with  a  drop  of  iodine— azide  solution,  and 
observed  for  any  evolution  of  little  bubbles  of  nitrogen.  Either  a  solid  or  liquid 
compound  (after  removal  of  the  solvent)  may  be  tested  directly  with  the  reagent. 

A  positive  reaction  is  then  especially  easy  to  see,  even  with  very  small  amounts 
of  substance. 

Reagent:  A  solution  of  3  g  sodium  azide  in  100  ml  0.1  AT  iodine 


Compounds  containing  >C=S  and  >C-SH  groups,  i.e.,  thioketone  sand 
mercaptans  may  be  differentiated  by  the  fact  that  the  latter  are  easily 
converted  (oxidized)  by  iodine  to  disulfide: 

2(R — SH)  +  I2  -»■  R — S — S — R  +  2  HI 


which  does  not  react  with  inrHn*_o,;^  ,  . 


the  iodine-azide  solution  (see  page  301). 
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an  excess  of  alcoholic  iodine  solution  plus  sodium  acetate  and,  after  cooling, 
again  tested  with  sodium  azide-iodine  solution. 

The  limits  of  identification  of  thioketones  and  mercaptans  through  catalysis 
of  the  iodine-azide  reaction  are  given  in  Table  16.  As  the  drop  size  for  the 
organic  solutions  is  not  constant,  the  number  of  drops  per  ml  have  been 
determined  in  each  instance,  in  order  to  obtain  the  volume  requisite  for  the 
calculation  of  the  dilution  limit. 


Table  16.  Thioketones  and  Mercaptans 


Name  and  formula 


Limit  of  identifica¬ 
tion  and  dilution 
limit 


Thioacetic  acid 
CH3COSH 

Methylxanthic  methyl  ester 
CH3OCSSCH3 

Potassium  ethyl  xanthate 
C2H5OCSSK 

Rhodanine 
HN - CO 


SC 


CH, 


3-Amino-4-phenyl-5-thiotriazole 

H,N— C - N — C6H5 

1  i-SH 

\r 

N 

Allyl  isothiocyanate  (Allyl  mustard  oil) 
ch2=chch2n=c=s 

Phenyl  isothiocyanate 
(Phenyl  mustard  oil) 

C6H6 — N=C=S 

p,  ^'-Dimethoxythiobenzophenone 


CH.O 


OCHj 


1 


0.0003  y 

100,000,000 


0.03  y 

1  :  1,000,000 

0.04  y 

1  :  1,000,000 


0.003  y 

10,000,000 


0.03  y 

1  :  1,000,000 


15  y 

1  :  2,000 

0.25  y 

1  :  100,000 


0.1  y 

1  :  200,000 


Acetone  + 
water 

Acetone  + 
water 

Water 


Acetone  + 
water 


No.  of 
drops 
per  ml 


30 


30 


25 


Acetone  + 
water 


Acetone  + 
water 

Acetone  + 
water 


Acetone  + 
water 


35 


30 


35 


40 


50 


(continued) 
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Table  16.  Thioketones  and  Mercaptans  (continued) 


Name  and  formula 

Limit  of  identifica¬ 

tion  and  con¬ 
centration  limit 

Solvent 

No.  of 

drops 
per  ml 

4-Thio-a-naphthoflavone 

b 

11 

0.02  y 

Acetone  + 

55 

8-00 

1  :  1,000,000 

water 

II* 

o 

Diphenyl  thiocarbonate 

c6h6o— cs— oc6h5 

1  y 

1  :  20,000 

Acetone  + 
water 

50 

Di-£-tolyl  trithiocarbonate 

0.1  y 

Acetone  + 

50 

H3CC6H4 — S — CS — S — C6H4CH3 

1  :  200,000 

water 

Methyl  a-napthylcarbodithionate 
C10H7CSSCH3 

0.12  y 

1  :  100,000 

Methyl 

alcohol 

80 

Thiourea 

0.005  y 

Water 

20 

h2n— cs— nh2 

1  :  10,000,000 

sym.  Diphenylthiourea 

C6H5NH — CS — NHC6H5 

0.6  y 

1  :  200,000 

Alcohol  -f- 
water 

80 

Diphenylthiocarbazone  (Dithizone) 
C6H5N  =  N— CS— NH— NH— C6Hs 

2.5  y 

1  :  10,000 

Acetone  + 
water 

40 

Dithiooxamide  (Rubeanic  acid) 

H2N— CS— CS— nh2 

0.03  y 

1  :  1,000,000 

Acetone  + 
water 

30 

Thioglycolic  acid 

CH2(SH)COOH 

0.05  y 

1  :  1,000,000 

Water 

20 

88 


( 2 )  Test  for  SH-groups  by  precipitation  of  cuprous  salts 

Organic  compounds  containing  SH  groups  may  react  with  cupric  ions 
in  various  ways.  Sometimes  water-insoluble,  mostly  dark  colored,  cupric  salts 
are  pro  uced.  This  is  the  case  with  dithiocarbamates  (see  page  169)  and 
also  w,th  compounds  which  contain  two  adjacent  SH-groups,  e.g.,  rubeanic 

of  rfaction-  whi<*  occur  in  strong  ammoniacal 
solution,  leads  to  the  production  of  black  copper  sulfide  (e.g.  cystein).  Along 

with  this  reaction,  and  predominating  in  the  case  of  some  mercapto  com- 
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pounds,89  there  is  an  initial  redox  reaction  which  yields  cuprous  ions  and 
disulfide : 

2  R— S~2  +  2  Cu+2  -*  Cu+2  +  R— S— S— R  (1) 


Subsequently,  the  cuprous  ions  may  react  with  unused  mercaptan: 

Cu+2  +  2  R— S-  -*  Cu2(RS)2  (2) 


The  cuprous  salts  of  mercaptans  are  yellow,  orange-yellow  or  yellow- 
brown;  they  are  insoluble  in  water,  dilute  acids  or  ammonia.  Accordingly, 
if  an  acetic  acid  or  ammoniacal  cuprous  salt  solution  is  used,  the  redox 
reaction  ( 1 ),  through  which  the  mercaptan  is  consumed  in  the  production 
of  disulfide,  may  be  by-passed  and  immediate  precipitation  of  the  cuprous 
mercaptan  may  occur.  It  is  advisable  to  use  acetic  acid-cuprous  salt  solutions 
as  reagents  for  mercaptans,  because  interfering  side  reactions  (particularly 
the  formation  of  copper  sulfide)  are  then  repressed.  Since  this  is  not  invaria¬ 
bly  the  case,  the  following  procedure  provides  an  absolutely  reliable  test  for 
mercaptans  only  when  a  yellow  or  brown  precipitate  or  turbidity  appears. 

Procedure.  A  drop  of  the  acetic  acid  or  ammoniacal  test  solution  is  treated 
with  one  drop  of  cuprous  solution  on  a  spot  plate.  If  mercaptans  are  present,  a 
yellow  or  brown  precipitate  results,  or  a  similar  coloration  if  small  quantities  are 
involved. 

Reagents:  1)  1.5  g  cupric  chloride  and  3  g  ammonium  chloride  are  dissolved 
in  a  little  water.  The  solution  is  treated  with  3  ml  concentrated 
ammonia  and  made  up  to  50  ml  with  water 
2)  Hydroxylamine  hydrochloride,  20  %  solution  in  water 
Equal  volumes  of  1)  and  2)  are  mixed  just  before  the  test. 


The  procedure  gave  positive  results  with: 

2.5  y  Thioglycolic  acid  anilide  C.H.-NH-CO-CH.-SH  (yellow  precipitate) 


5  y  Mercaptobenzothiazole 


N 

II 

C— SH 


./ 


(yellow  precipitate) 


1  y  Potassium  ethyl 
xanthate 

0.5  y  Rubeanic  acid 


^OC2H5 

SC 

\SK 

H2N— cs— cs— nh2  ^ 

HN  =  C(SH)— C(SH)  =  NH 


(yellow-brown 

precipitate) 

(yellow-brown 

precipitate) 


2.5  y  Potassium  mercapto- 
phenylthiothiozolone 


CeH, — N- 


N 


SC  C— SK 


(yellow  precipitate) 
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/  /S— 

18.  Dithiocarbamides  |  S=C  ^  -group 


(7)  Test  by  conversion  into  cupric  suits  soluble  in  orgunic  solvents  90 

The  above  dithiocarbamide  group  is  present  in  the  stable  water-soluble 
and  water-insoluble  salts  of  the  unstable  dithiocarbamic  acid  (I)  and  its 
N-substituted  derivatives  (II)  and  (III). 


/SH 

SC 

\nh2 

(I) 


-SH 


SC 


\NHR 

(II) 


/SH 
s  c 

\NR!R2 

(III) 


In  (II),  R  denotes  an  alkyl  or  aryl  group;  in  (III)  Rx  and  R2  are  alkyl  groups 
only,  and  Rx  may  be  the  same  as  R2. 

Water-soluble  salts  of  (II)  and  (III)  with  primary  or  secondary  aliphatic 
amines  are  produced  by  addition  reactions  of  carbon  disulfide: 


/SH-nh2r 

CS2  +  2  NH2R  — *  SC  (1) 

\NHR 


/SH-NHR,Rj 

C  S2  +  2  NHRxR2  — >  SC  (2) 

\NRxR2 

If  alkali  hydroxide  or  ammonia  is  present,  the  corresponding  water- 
soluble  alkali  or  ammonium  salts  of  (II)  and  (III)  result.  With  primary 
aromatic  amines,  carbon  disulfide  does  not  undergo  a  reaction  analogous  to 
(2) ;  instead  symmetrical  diaryl  thioureas  and  hydrogen  sulfide  are  formed 
(compare  page  186).  If,  however,  a  mixture  of  ammonia  and  primary  aro¬ 
matic  amines  is  allowed  to  react  on  carbon  disulfide,  ammonium  salts  of 
monoarylated  dithiocarbamic  acid  result:  91 


cs2  +  nh2r  +  nh3 


sc 


on  i  lo 


\NHR 


(3) 


By  virtue  of  their  CS-  or  CSH-groups,  the  salts  formed  in  (7)-(3)  catalytic- 
ally  accelerate  the  iodine-azide  reaction  (compare  page  164)  and  furthermore 
they  also  form  water-insoluble  cuprous  salts,  which  are  yellow  in  most 
instances  (compare  page  167).  However,  a  characteristic  feature  of  water- 
soluble  dithiocarbamates  and  their  N-substituted  derivatives  is  the  ability 
to  precipitate  as  brown  cupric  salts,  which  dissolve  in  water-immiscible 
organic  liquids  to  produce  red-brown  solutions.*  This  property,  which  has 
been  utilized  for  the  colorimetric  determination  of  small  quantities  of 
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copper,93  can  also  be  employed  in  the  detection  of  water-soluble  dithio- 
carbamates  and  their  N-substituted  derivatives. 


Procedure.  A  drop  of  the  neutral  test  solution  is  treated  in  a  micro  test  tube 
with  a  drop  of  an  acetic  acid  copper  chloride  solution  and  then  shaken  out  with 
two  or  three  drops  of  chloroform.  The  presence  of  dithiocarbamates  is  shown  by 
the  fact  that  the  chloroform  layer  assumes  a  reddish-brown  color.  Comparison 
with  a  blank  is  advisable  when  small  quantities  of  dithiocarbamate  are  suspected. 

Reagents:  1)  Cupric  chloride,  1  %  solution  mixed  with  an  equal  volume  of 
1  :  1  acetic  acid 
2)  Chloroform 

A  positive  response  was  given  by : 

/SNH4 

1.2  y  Ammonium  dithiocarbamate  SC 

\NH2 

/SNa 

2.5  y  Sodium  diethyldithiocarbamate  SC 

\N(C2Hs)2 

/SNH4 

2  y  Ammonium  phenyldithiocarbamate  SC 

\NHC»H5 

/SNH4 

2  y  Ammonium  £-aminophenyldithiocarbamate  SC 

r  \nhc6h4nh2 

/SH-NHC5H10 

1.8  y  Piperidinium  piperidyldithiocarbamate  SC 


19.  Carboxylic  Acids  and  Their  Derivatives 


(7)  Test  by  conversion  into  the  iron111  salts  of  hydroxamic  acids 


Carboxylic  acids,  esters,  and  anhydrides  can  be  readily  converted  into 
hydroxamic  acids,  RCO(NHOH).  The  procedure  is  different  and  charac¬ 
teristic  for  each  type  of  compound. 

All  hydroxamic  acids  give  a  red  or  violet  color  with  ferric  chloride  in 
weak  acid  solution.  This  color  reaction  is  due  to  the  acid  CONHOH  group, 
which  is  present  in  all  hydroxamic  acids.  It  reacts  with  the  ferric  ion  to 
form  water  soluble  inner  complex  salts: 


NHOH 


/ 

R— C 


Vs  Fe+3 


H 

N— O 


/ 

R— C 

O — Fe/3 


+  H+ 


The  conversion  into  hydroxamic  acid  and  the  formation  of  iron111  hydro 
xamate  is  used  as  a  test  for  carboxylic  acids  and  their  derivatives. 
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(2)  Test  for  carboxylic  acids  ( — COOH  group)  94 

Carboxylic  acids  cannot  be  converted  into  hydroxamic  acids  by  direct 
action  with  hydroxylamine.  The  acid  chloride  must  be  formed  first  and  it 
then  readily  gives  the  alkali  salt  of  hydroxamic  acid  on  treatment  with 
hydroxylamine  and  alkali.  The  underlying  reactions  of  the  test  are . 

RCOOH  +  SOCl2  ->  RCOC1  +  S02  +  HC1 
RCOC1  +  NH2OH  +  2  NaOH  ->  RCO(NHONa)  +  NaCl  +  2  HaO 
RCO(NHONa)  +  HC1  ->  RCO(NHOH)  +  NaCl 

3  RCO(NHOH)  +  FeClg  ->  3  HC1  +  Fe[RCO(NHO)]3 

Procedure.  A  drop  of  the  test  solution  is  evaporated  to  dryness  in  a  micro¬ 
crucible,  or  a  minute  portion  of  the  solid  is  taken  for  treatment  there  with  2 
drops  of  thionyl  chloride.  The  mixture  is  evaporated  almost  to  dryness,  to  convert 
the  carboxylic  acid  into  its  chloride.  Two  drops  of  an  alcoholic  solution  of 
hydroxylamine  hydrochloride  are  then  added  and  drops  of  alcoholic  caustic  soda 
until  the  liquid  is  alkaline  to  litmus  paper.  Reaction  takes  place  on  reheating. 
The  mixture  is  acidified  with  a  few  drops  of  dilute  hydrochloric  acid,  and  treated 
with  a  dilute  solution  of  ferric  chloride.  The  color  change  ranges  from  brown-red 
to  dark  violet  (the  acidity  of  the  solution  should  again  be  tested  with  litmus) . 

Reagents:  1)  Thionyl  chloride 

2)  Saturated  alcoholic  solution  of  hydroxylamine  hydrochloride 

3)  Alcoholic  sodium  hydroxide  solution 

4)  1  %  solution  of  ferric  chloride 

5)  0.5  N  hydrochloric  acid 

The  limits  of  identification  obtained  with  several  carboxylic  acids  are  given  in 
Table  17. 


{3)  T est  for  esters  of  carboxylic  acids  ( — COOR  group)  95 

Esters  of  carboxylic  acids  can  be  converted  into  alkali  salts  of  hydroxamic 
acids  on  treatment  with  hydroxylamine  hydrochloride  in  the  presence  of 
alkali  hydroxide : 


RCOORj  +  NH2OH  +  NaOH  =  RCO(NHONa)  +  RxOH  +  HaO 


The  free  hydroxamic  acid  formed  by  acidification  can  be  identified  by  the 
color  reaction  with  ferric  chloride  (see  above).  Lactones,  which  may  be 
regarded  as  inner  esters,  react  similarly  to  esters. 


Procedure.  A  drop  of  the  ether  solution  of  the  ester  is  treated  in  a  porcelain 
microcrucible  with  a  drop  of  alcoholic  hydroxylamine  hydrochloride  solution  and 
a  drop  of  alcoholic  caustic  potash.  The' mixture  is  heated  over  a  microflame  until 
he  reaction  begins,  as  indicated  by  a  slight  bubbling.  After  cooling  the  mixture 

“  “r*  h7drOChl°ric  “d  a  drop  of  ferric  chloride  solemn  is  added 
se  more  or  less  intense  violet  color  appears  according  to  the  amount  of  ester  pre- 
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Table  17.  Carboxylic  Acids 

4 

Limit  of 

Name 

Formula 

identifi¬ 

cation 

Color 

Sodium  acetate 

CHgCOONa 

100  y 

Violet-red 

Monochloroacetic 

ClCH2COOH 

12  y 

Violet 

acid 

Dichloroacetic 

chci2cooh 

11  y 

Red-violet 

acid 

Glycine 

nh2ch2cooh 

15  y 

Lilac 

Palmitic  acid 

CH,(CH2)14COOH 

16  y 

Brown-violet 

Stearic  acid 

CH3(CH2)16COOH 

20  y 

Brown-violet 

Croton ic  acid 

CH3— CH  =  CH— COOH 

33  y 

Violet 

Oleic  acid 

CH3(CH2)7CH  =  CH(CH2)7COOH 

ii  y 

Red-violet 

Ricinoleic  acid 

CH3(CH2)5CH(OH)CH2CH 

y 

CH(CH2)7COOH 

15  y 

Violet 

Succinic  acid 

hoocch2— ch2cooh 

ii  y 

Violet 

Tricarballylic 

acid 

CH2 - CH - CH2 

1  1  1 

COOH  COOH  COOH 

11  y 

Violet 

Citric  acid 

CH2 - C(OH) - CH2 

1  1  1 

COOH  COOH  COOH 

Violet-red 

Phenylacetic  acid 

c6h5 — ch2cooh 

11  y 

Red-violet 

Cinnamic  acid 

c6h5— ch=chcooh 

33  y 

Violet 

Anthranilic  acid 

C6H4(NH2)COOH  (1,  2) 

12  y 

Dark  violet 

Thioacetic  acid 

ch3cosh 

' 

Violet-red 

Reagents:  1)  Saturated  alcoholic  solution  of  hydroxylamine  hydrochloride 

2)  Saturated  alcoholic  potash 

3)  1  %  solution  of  ferric  chloride 

4)  0  5  N  hydrochloric  acid 

The  limits  of  identification  for  different  esters  are  given  in  Table  18. 
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Table  18.  Esters  of  Carboxylic  Acids 
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Limit  of 


Name 


Formula 


Ethyl  formate 


HCOOC2H 


identifi¬ 

cation 


Color 


5 


11 


Y 


Violet-brown 

lilac 


Ethyl  ortho¬ 
formate 

Ethylurethane 
Ethyl  acetate 
Vinyl  acetate 
Phenyl  acetate 


HC(OC2H5)3 


10  y 


Violet-red 


CO(NH2)OC2H5 
CH3COOC2H6 
CH3COOCH  =  CH2 
CH3COOC6Hs 


10  y 
2  y 

11  y 

2.5  y 


Gray-violet 

Violet 

Violet 

Violet-red- 

brown-red 


Glycine  ethyl 
ester  hydro¬ 
chloride 

Ethyl  stearate 
Cetyl  palmitate 
Glyceryl  oleate 
Diethyl  oxalate 


HClH2NCH2COOC2H5 


CH3(CH2)16COOC2H5 
CH3(CH2)  14COOCI6H33 
[CH3(CH2)7CH=CH(CH2)7COO]3Glyc. 
H5C2OOC— COOC2H5 


Diethyl  malonate 
Propyl  benzoate 
Methyl  salicylate 


h5c2ooc— ch2— cooc2h5 
c6h5cooc3h7 

C6H4(OH)COOCH3 


Phenyl  salicylate 


C0H4(OH)COOCflH5 


Potassium 

xanthate 

a-Naphthyldithio- 
carboxylic  acid 
methyl  ester 

Coumarin 


C2H5OCSSK 

c10h7cssch3 


2.6  y 
3  y 
2.5  y 

6  y 

11  v 


13 

y 

Violet-light 

brown 

12 

Y 

Violet-red 

11 

Y 

Violet 

10 

Y 

Violet 

3 

Y 

Red-violet- 

11 


V 


Y 


violet-gray 

Violet-red 

Violet 

Dark  violet- 
green-violet 

Dark  blue- 
violet 

Dark  red  to 
violet-red 

Deep  violet- 
brown  to 
dark  brown 

Violet-red 
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/— C=0  \ 

(4)  Test  for  carboxylic  acid  anhydrides  ]>o  group) 

\-c=0  / 


\B6 


Carboxylic  acid  anhydrides  react  with  hydroxylamine  to  give  hydroxamic 
acids :  ^o 

RC< 

>0  +  NHaOH  =  RCO(NHOH)  +  RCOOH 


RC< 


These  give  soluble  colored  inner  complex  iron111  salts  with  ferric  chloride. 


Procedure.  A  drop  of  the  ether  solution  of  the  anhydride  is  mixed  in  a  por¬ 
celain  microcrucible  with  1  or  2  drops  of  the  reagent  solution  and  evaporated  to 
dryness  over  a  microburner.  A  few  drops  of  water  are  added.  A  violet  or  pink 
color  is  formed  according  to  the  amount  of  anhydride  present. 

Reagent:  A  0.5  %  alcoholic  solution  of  ferric  chloride  is  acidified  with  a  few 
drops  concentrated  hydrochloric  acid  and  saturated  (warm)  with 
hydroxylamine  hydrochloride 

The  limits  of  identification  for  different  anhydrides  are  given  in  Table  19. 


Table  19.  Carboxylic  Acid  Anhydrides 


Acetic  anhydride 


Succinic  anhydride 


Thapsic  anhydride 
Camphoric  anhydride 


HaC — C\ 


O 


H3C— c/ 


O 


O 

CH, — C\ 


CHj-C/ 

o 


o 


OC— (CHt)„— CO 

I - o- 


CH, 

I 


H,C 


h,c-c-ch3 


H.C 


CO 

N 

o 

/ 

CO 


C' 

H 


5  y 


10  y 
10  y 


Violet 


Red-brown 


Pink 

Lilac 


(continued) 
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20.  1,2-Dicarboxylic  Acids 

(1)  Test  by  melting  with  resorcinol 97 


I  C— CO  OH 
|  group 

\  C— COOH 


Dicarboxylic  acids  with  the  carboxyl  group  in  the  1,2  position  *  (one 
COOH  group  may  be  substituted  by  a  S03H  group)  or  their  derivatives, 
such  as  esters,  anhydrides,  or  imides,  form  dyes  of  the  fluorescein  type 
(saccharins)  when  melted  with  resorcinol.  These  products  give  a  vivid  green- 
yellow  fluorescence  in  alkaline  solution.  The  reaction  proceeds! 


Carboxyl  groups  in  the  peri  position  behave  like  those  in  the  ortho  position 
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The  1,2-carboxylic  acids  with  a  free  OH  group  adjacent  to  the  carboxyl 
group: 

>C— COOH 

I 

— C(OH)— COOH 


react  in  a  different  manner.  They  lose  formic  acid,  i.e.  carbon  monoxide 
and  water,  through  the  action  of  hot  concentrated  sulfuric  acid  on  the 
resorcinol  melt,  to  form  semialdehydes  of  malonic  acid  or  its  homologs  ( 1 ), 
and  these  in  their  isomeric  tautomeric  enolic  form  then  condense  with 
resorcinol  to  produce  umbelliferone  or  its  homologs  (2) : 


COOH 


COOH 


COOH 


CH, 


II,S04 


CH, 


CHOH 

ioOH 


— HCOOU  CHO 


HO—1 


HO— CH 
CH 


+ 


—OH 


HO 


CO 

/ 


HO- 


CH 

II 

CHOH 


H 

C 

CH 


(/) 


CO 


+  2H.0 


(*) 


The  resulting  umbelliferones  are  almost  colorless,  but  they  give  an  appre¬ 
ciable  fluorescence  even  in  daylight.  Under  the  mercury  vapor  lamp,  the 
fluorescence  is  a  brilliant  blue. 

Procedure.  A  few  milligrams  of  the  test  substance  is  placed  in  a  micro¬ 
crucible,  or  a  drop  of  a  solution  is  evaporated  there  to  dryness.  A  little  freshly 
sublimed  resorcinol  and  a  few  drops  of  pure  concentrated  sulfuric  acid  are  added 
and  the  mixture  kept  at  130°  C.  for  5  minutes,  either  on  an  asbestos  plate  or, 
better  still,  on  an  aluminum  block  provided  with  wells  to  hold  2  crucibles  and  a 
thermometer.  When  the  reaction  is  complete,  the  crucible  plus  contents  is 
dropped  into  water  (50  ml  beaker)  to  dissolve  out  the  products.  The  solution  is 
made  alkaline  with  sodium  hydroxide.  In  the  presence  of  substances  containing 
one  of  the  pertinent  groups,  a  fluorescence  occurs,  which  is  especially  bright  in 

ultraviolet  light. 

A  blank  test  should  always  be  carried  out,  because  when  the  temperature  has 
exceeded  130°  C,  even  a  blank  shows  a  fluorescence,  which  is  green  by  daylight, 
and  green-blue  in  ultraviolet  light,  and  this  might  lead  to  false  conclusions. 
Apparently  the  resorcinol  partially  decomposes  at  the  higher  temperature,  an 

gives  rise  to  dicarboxylic  acids. 

Reagents :  1)  Sublimed  resorcinol 

2)  Concentrated  sulfuric  acid 

The  limits  of  identification  and  the  colors  of  the  fluorescence  are  given  m 
Table  20. 
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Color  of  fluorescence 

Limit  of 
identifica¬ 
tion,  y 

Name 

Formula 

In  daylight 

In 

ultraviolet 

light 

In 

day¬ 

light 

In 

ultra¬ 

violet 

light 

Tricarbally- 
lic  acid 

ch2  ch  ch2 

COOH  COOH  COOH 

Yellow- 

rose 

Grass 

green 

5 

5 

Citric  acid 

CH2  C(OH)  ch2 

Yellow 

Sky  blue 

15 

1 

- 

COOH  COOH  COOH 

Tartaric 

acid 

CHOHCOOH 

CHOHCOOH 

Brown- 

red 

Dark 

blue- 

green 

25 

Phthalic 

acid 

3-Nitro- 

phthalic 

acid 

C6H4(COOH)2  (1,  2) 

C6H3(N02)(C00H)2 

Yellow- 

brown 

Red 

Light 

green 

Pale 

violet 

5 

5 

Hemipinic 

acid 

C6H2(OCH3)2(COOH)2  (1, 2,3,4) 

Dark  red 

Green 

Trimellitic 
acid  tri¬ 
methyl 
ester 

C6H3(C02CH3)3  (1,  2,  4) 

Yellow 

Light 

green 

2.5 

2.5 

Dihydroxy- 

maleic 

acid 

C(OH)COOH 

C(OH)COOH 

Red 

Blue-gray 

40 

15 

Succinic 
acid  or 
potassium 
.  succinate 

CH2COOH 

1 

ch2cooh 

Yellow 

Emerald 

green 

5 

5 

Succinic 

anhydride 

ch2cov 

1  > 
ch2cox 

Y  ellow 

Emerald 

green 

5 

5 
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Table  20.  Dicarboxylic  Acids  (continued) 


Color  of  fluorescence 

Limit  of 
identifica¬ 
tion,  y 

Name 

Formula 

In  daylight 

In 

ultraviolet 

light 

In 

day¬ 

light 

In 

ultra¬ 

violet 

light 

Succinimide 

CH„COx 

1  >H 

CHjCcr 

Yellow 

Emerald 

green 

5 

5 

Malic  acid 

ch2cooh 

CHOHCOOH 

Yellow 

Light 

blue 

1 

Saccharin 

Cf> 

Yellow 

Greenish 

yellow 

10 

5 

Asparagine 

/NH2 

CH 

\COOH 

CH2CONH, 

Dark 

wine- 

red 

Dark 

green 

5 

10 

Naphthalic 

acid 

/ \— COOH 

Yellow- 

brown 

Dark 

green 

5 

5 

/  \-COOH 

21.  Alkyl-  and  Aryl-Acetates  (— O — COCH3  group) 


(1)  Test  by  saponification  to  acetic  acid  98 

Alkyl-  and  aryl  esters  of  acetic  acid,  when  wanned  with  alkali  hydroxides 
or  mineral  acids,  are  split : 


CH3CO— OR  +  H20  CH3COOH  +  ROH 

If  the  hydrolysis  is  conducted  with  concentrated  sulfuric  acid  or  syrupy 
phosphoric  acid  in  the  presence  of  not  much  water,  anhydrous  acetic  acid 
results.  The  latter  volatilises  to  some  extent  even  at  room 
very  considerably  when  warmed.  Acet.c  acid  vapor  can  be  <W*tod  y 
their  action  on  potassium  iodide-iodate  solution.  The  iodine  released  y 

the  reaction : 
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5  KI  +  KI03  +  6  CH3COOH  ->  6  CH3COOK  +  3  H20  +  3  I2 
is  readily  revealed  by  the  development  of  a  yellow  color,  or  by  the  starch- 
iodine  test  when  small  quantities  are  involved.  If  considerable  amounts  of 
the  acetic  ester  are  present,  and  if  high  sensitivity  is  not  essential,  vapors 
of  acetic  acid  can  also  be  detected  by  color  indicators.  It  is  better  to  use 
phosphoric  acid  for  the  saponification  because  strong  sulfuric  acid  has  an 
oxidizing  action  on  many  organic  materials  and  the  resulting  sulfurous  acid 
likewise  liberates  iodine  from  iodide-iodate  solution. 

A  requirement  for  the  application  of  the  test  is  the  absence  of  acids  which 
are  volatile  with  water  vapor,  and  also  of  compounds  which  react  with 
phosphoric  acid  to  split  off  acids  of  this  kind.  These  include :  formic,  acetic, 
propionic,  lactic,  benzoic,  salicylic  acids,  hydrogen  halides  and  their  salts, 
nitrites  and  isonitroso  compounds.  It  should  be  noted  that  the  vapors  of 
volatile  esters  of  acetic  acid  (e.g.,  alkyl-  and  aryl-acetates)  liberate  iodine  on 
contact  with  aqueous  iodide-iodate  solution.  The  reason  for  this  effect  is 
that  traces  of  acetic  acid  in  the  hydrolysis  equilibrium  of  the  ester  are 
consumed  by  the  iodide-iodate  reaction  and  are  constantly  replenished 
through  reestablishment  of  the  equilibrium. 

Esters  of  those  carboxylic  acids  that  are  markedly  volatile  with  steam 
(see  above),  and  which  are  saponifiable  with  phosphoric  acid,  probably  act 
analogously  to  alkyl-  and  aryl  acetates.  No  studies  along  this  line  have  been 

reported.  Methyl  salicylate  does  not  saponify  under  the  conditions  of  the 
test. 


n  the  case  of  N-acetyl  compounds,  the  speed  and  extent  of  the  hydrolysis 
with  production  of  acetic  acid,  seem  to  depend  on  whether  the  nitrogen 
atom  is  bound  to  an  aliphatic  or  aromatic  radical.  Acetamide  and  acetyl- 
glycine  (the  latter  m  quantities  above  500  y)  are  saponified  by  brief  warming 
with  concentrated  phosporic  acid,  whereas  acetanilide,  acetnaphthalide 

comn  t  I”6  ph.e“acetm  are  not  affected.  The  saponification  is  easy  and 
compie  e  when  acetylglycine  and  acetanilide  are  warmed  for  a  short  time 
with  a'kah  hydroxide,  and  the  volatilization  of  the  acetic  acid  from  the 
ulting  alkali  acetate  can  thereupon  be  readily  accomplished  by  warming 

tesedrrrfdbphospho™ ac,d-  ™s  ***  °f  ”es? 

ased  on  it,  fails  however  with  the  other  anilides  just  named. 


are  placed  in  phosphoric  acid 

tor  60  seconds.  After  cooling  the  apparatus  •  °  .  b  ‘S  hdd  ln  boillng  water 

-  irnob  is  placed  in  a  depression Tf  a 
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solution.  A  blue  color  indicates  the  presence  of  alkyl-  or  aryl  esters  of  acetic  acid. 
With  considerable  quantities  of  the  ester,  a  reliable  indication  is  furnished  by  the 
yellow  color  of  the  exposed  hanging  drop. 

Reagents:  1)  Phosphoric  acid,  syrupy  (sp.  gr.  1.8) 

2)  Potassium  iodide-iodate  solution :  Equal  volumes  of  2  %  po¬ 
tassium  iodide  and  0.4  %  potassium  iodate  solutions  are  mixed 
just  prior  to  use 

3)  Water-soluble  starch,  0.1  %  solution 

This  procedure  revealed  the  acetyl  group  in: 

10  y  amyl  acetate 
15  y  ethyl  acetate 
1 5  y  butyl  acetate 
5  y  linalyl  acetate 
5  y  acetyl  phenol 

40  y  acetyl  salicylic  acid,  methyl  ester 
Acetyl  cellulose,  which  is  a  solid  in  contrast  to  the  esters  of  acetic  acid, 
which  are  liquids  for  the  most  part,  also  gives  a  distinct  reaction. 


22.  Sulfonic  acids,  Sulfinic  acids,  Sulfonamides,  Sulfones 
(— SOaH,  —  SO,H,  -SO,NH,  and  >S02-groups) 


99 


(1)  Test  through  formation  of  sulfite  by  alkali  fusion 

In  the  classical  method  of  producing  phenols  by  alkali  fusion  of  aromatic 
sulfonic  acids,  alkali  sulfite  is  formed  when  the  SOsH-group  is  exchanged 
for  an  OH-group,  and  its  detection  thereby  provides  the  basis  for  a  test  for 
aromatic  sulfonic  acids.  However,  the  production  of  alkali  sulfite  by  alkali 
fusion  is  not  limited  to  aromatic  sulfonic  acids;  it  also  is  formed  from 
aliphatic  sulfonic  acids  (with  production  of  alcohols  or  alkali  alcoholates) 
and  likewise  from  amides  of  aromatic  and  aliphatic  sulfonic  acids.  ie 
reactions  in  the  various  alkali  fusion  processes  are . 


r _ SO  H  +  3  NaOH  ->  RONa  +  Na2S03  +  2  II20 


r _ SOjNa  +  2  NaOH  ->  RONa  +  Na2S03  +  H20 

r _ S02NH2  +  3  NaOH  -►  RONa  +  Na2S03  +  H20  +  NH3 

(N-substituted  sulfonamides  will  evolve  amines  instead  of  ammonia) 


(1) 

(la) 

(2) 


r _ S02H  +  3  NaOH  +  O  -»■  RONa  +  Na2S03  +  2  H20 

r _ S02Na  +  2  NaOH  +  O  ->  RONa  +  Na2S03  +  1  Ia° 


R\SOz  +  4  NaOH  +  o  ->  2  RONa  +  Na2S03  +  2  H20 


(3) 

(3a) 

(1) 


As  shown  by  these  equations,  a  production  of  sulfite  on  aikali  fnsron  is- 
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characteristic  of  compounds  containing  oxidized,  i.e.,  4-  and  6-valent  sulfur. 
It  is  possible  to  differentiate  such  compounds,  in  combination  with  the 
alkali  fusion,  if  solubility  differences  are  taken  into  consideration.  For 
instance,  sulfonic  acids  and  their  alkali  salts  are  soluble  in  water  (the  former 
with  acid  reaction),  whereas  sulfonamides  and  sulfones  do  not  dissolve  in 
water  or  acids.  According  to  (2)  and  (5),  sulfonamides  and  sulfones  differ  in 
that  only  sulfonamides  yield  ammonia  (or  amine)  when  fused  with  alkali. 
(It  should  be  noted  that  amides  of  carboxylic  acids  behave  analogously  to 
sulfonamides  when  fused  with  alkali.)  Water-soluble  sulfinic  acids  (or  their 
alkali  salts)  can  be  recognized  by  their  precipitability  from  mineral  acid 
solutions  by  ferric  chloride.  Though  the  test  is  admittedly  not  very  sensitive, 
the  reaction  can  serve  to  separate  sulfinic  from  sulfonic  acids.100 

All  the  tests  given  in  Volume  I  for  the  detection  of  sulfur  dioxide  liberated 
by  acids  from  alkali  sulfites  can  be  used  to  reveal  the  production  of  sulfite 
resulting  from  the  alkali  fusion  of  organic  compounds.  Especially  good  is 
the  test  which  involves  the  formation  of  black  NiIV  oxyhydrate  from  green 
Ni11  hydroxide  on  contact  with  sulfur  dioxide.101  The  reaction  involves 
autoxidation  of  sulfur  dioxide,  which  in  turn  induces  the  oxidation  of 
Ni(OH)2  to  NiO(OH)2.102  It  is  probable  that  when  sulfur  dioxide  comes  in 
contact  with  Ni(OH)2,  the  initial  product  is  basic  sulfite,  which  then  is 
oxidized  by  atmospheric  oxygen : 

2  Ni(OH)2  +  S02  — >  (Ni0H)2S03  +  H20 

/OH2 

Ni 

S03  +  O,  — >  NiO(OH)2  +  NiS  04 

Ni 

\OH 


The  production  of  NiO(OH)2  is  easily  discerned  through  a  blackening  or 
graying  of  the  green  Ni(OH)a.  Traces  of  NiO(OH)2  can  be  detected  by  spotting 
with  benzidine;  a  blue  color  (benzidine  blue)  develops. 

It  should  be  noted  that  alkali  sulfide  is  produced  in  the  alkali  fusion  of 
organic  compounds  which  contain  bivalent  sulfur  (thiophenols,  thioalcohols, 
thioethers,  disulfides,  thioketones).  On  acidification,  this  sulfide  yields 
hydrogen  sulfide,  which  transforms  the  green  nickel  hydroxide  to  black 
nickel  sulfide.  The  latter  may  be  mistaken  for  black  NiO(OH)2.  Therefore, 
it  is  well  to  make  a  preliminary  alkali  fusion;  allow  the  mass  to  cool,  add 
acid,  and  test  the  gas  for  hydrogen  sulfide  with  lead  acetate  paper.  If  the 
test  paper  shows  no  darkening  or  browning,  the  procedure  outlined  below 

nT  f  T  i"dJisputable  test  fOT  oxidized  sulfur  in  organic  compounds. 
If  the  lead  sulfide  test  was  positive,  the  sample  may  be  desulfurized  (thio¬ 
phenols,  thioalcohols,  thioketones)  by  warming  the  aqueous  solution 


or 
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Table  21.  Sulfonic  and  Sulfinic  Acids  and  Sulfones 


4 


Name 

Formula 

Limit 
of  iden¬ 
tifica¬ 
tion,  y 

Potassium  hydro¬ 
gen  benzene  di¬ 
sulfonate 

C6H4(S03H)S03K  (1,  4) 

5 

Sodium  hydrogen 
^-naphthalene 
disulfonate 

C10H6(SO3H)SO3Na  (2,  7) 

3 

Sodium  hydrogen 
hydroxyquinoline 
disulfonic  acid 

C9H4N(0H)(S03H)S03Na  (8,  7,  5) 

20 

Sulfanilic  acid 

C6H4(NH2)S03H  (1,  4) 

12 

o-Benzaldehyde 
sulfonic  acid 

C6H4(CH0)S03H  (1,  2) 

12 

Tartrazine 

HOOC — ( 

:=n 

\ 

12 

\n— c6h4— SOsH 

HOj  S — CsH4 — NH — N— < 

co 

Potassium 

methionate 

CH2(S03K)2 

6 

Camphorsulfonic 

acid 

c10h15oso3h 

5 

a-Bromocamphor- 
sulfonic  acid 

C10H14OBrSO3H 

14 

Benzenesulfinic 

acid 

C6H5S02H 

6 

a-Naphthalenesul- 
finic  acid 

C10H7SO2H 

12 

Sulfonal 

H3Cv  .so,— c2h8 

>< 

HaC'  xso2— c,h8 

6 

Trional 

h3cx  .so,— c,h8 

/c\ 

10 

H#c/  XSO,— C,H8 
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suspension  with  lead  carbonate.  The  test  for  oxidized  sulfur  is  made  on  the 
filtrate  or  centrifugate  of  the  lead  sulfide  precipitation. 

Procedure.  A  very  little  of  the  solid  sample,  or  the  evaporation  residue  from 
one  drop  of  test  solution,  is  heated  with  a  grain  of  sodium  hydroxide  over  a  small 
flame  until  the  mixture  just  melts.  A  hard  glass  tube,  whose  bulb  has  a  capacity 
of  about  3  ml,  is  used.  After  cooling,  the  melt  is  dissolved  in  2  drops  water,  1  or 
2  drops  of  concentrated  hydrochloric  acid  are  added  (the  acid  reaction  should  be 
tested  with  a  small  strip  of  litmus  paper),  and  the  walls  of  the  tube  washed  with 
water.  The  rim  of  the  tube  is  carefully  wiped  dry,  and  a  strip  of  filter  paper  con¬ 
taining  Ni(OH)2  is  laid  over  the  mouth.  The  bulb  is  then  immersed  in  hot  water 
for  a  few  minutes  to  hasten  the  evolution  of  the  sulfur  dioxide.  Sulfite  is  evidenced 
by  the  change  of  color  of  the  nickel  hydroxide  from  green  to  black  or  gray. 
When  very  small  amounts  are  to  be  detected,  it  is  best  to  spot  the  nickel  hydrox¬ 
ide  with  an  acetic  acid  solution  of  benzidine;  a  blue  color  is  formed  in  the  presence 
of  a  trace  of  NiO(OH)2. 

Reagents:  1 )  Sodium  hydroxide  (solid) 

2)  Hydrochloric  acid,  concentrated 

3)  Nickel  hydroxide,  washed  alkali-free,  prepared  by  precipitation 
of  NiCl2  with  NaOH 

4)  Benzidine:  0.05  g  benzidine  or  its  hydrochloride  dissolved  in 
10  ml  2  A  acetic  acid,  diluted  to  100  ml  with  water,  and  filtered 

The  limits  of  identification  attained  by  this  test  for  sulfonic  and  sulfinic  acids 
are  given  in  Table  21. 


(2)  Test  by  conversion  into  the  iron111  salt  of  acethydroxamic  acid  103 

Sulfonic  acids  can  be  converted  into  sulfohydroxamic  acids,  which  react 
with  acetaldehyde  in  the  presence  of  alkali : 


RS02NHOH  +  CH3CHO  CH3CONHOH  +  RSOzH 

giving  acethydroxamic  acid  and  sulfinic  acids.  Both  of  these  products  react 
with  ferric  chloride  in  weak  acid  solution  to  give  a  red  soluble  iron111  salt 
of  hydroxamic  acid  (see  page  170),  and  an  orange-red  insoluble  iron111  salt 
of  the  sulfinic  acid,  respectively.104 

The  necessary  conversion  of  the  sulfonic  acid  to  the  sulfohydroxamic  acid 
requires  a  preliminary  preparation  of  the  sulfone  chloride,  which  then  can 
be  converted  to  the  sulfohydroxamic  acid  with  hydroxylamine.  Thionyl 
chloride  is  used  to  prepare  the  sulfone  chloride.  The  sulfohydroxamic  acid 
reacts  with  acetaldehyde  to  give  acethydroxamic  acid  and  sulfinic  acid 
both  of  which,  as  stated,  react  with  ferric  chloride. 
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The  equations  showing  the  formation  of  the  characteristic  colored  ferric 
salts,  starting  from  the  free  sulfonic  acid,  are : 

RS03H  +  SOCl2  -►  RS02C1  +  S02  +  HC1 
RS02C1  +  NH2OH  ->  RS02(NH0H)  +  HC1 
RS02(NH0H)  +  CH3CHO  ->  CH3CO(NHOH)  +  rso2h 
3  CH3CO(NHOH)  +  FeCl3  ->  Fe[CH3CO(NHO)]3  +  3  HC1 
3  RS02H  +  FeClg  ->  Fe(RS02)3  +  3  HC1 


In  spite  of  the  complicated  series  of  reactions,  the  procedure  for  carrying 
out  the  test  is  relatively  simple. 


Procedure.  A  little  of  the  solid  test  substance  (if  necessary  the  evaporation 
residue  from  a  drop  of  solution)  is  fumed  in  a  microcrucible  with  a  few  drops  of 
thionyl  chloride.  The  product  is  treated  with  2  drops  of  a  saturated  alcoholic 
solution  of  hydroxylamine  hydrochloride  and  a  drop  of  acetaldehyde,  then  made 
alkaline  with  a  little  5  %  sodium  carbonate  solution.  After  a  short  time,  the 
mixture  is  acidified  with  dilute  hydrochloric  acid.  A  drop  of  a  dilute  aqueous 
solution  of  ferric  chloride  is  added  and  a  brown  to  violet  color  or  precipitate 
appears.  A  blank  test  remains  light  yellow. 

When  the  salt  of  a  sulfonic  acid  is  being  tested,  it  should  be  evaporated  with 
hydrochloric  acid  before  the  treatment  with  thionyl  chloride.  Dyestuffs,  whose 
color  interferes  with  the  recognition  of  the  color  change,  can  easily  be  decompos¬ 


ed  with  a  few  drops  of  bromine  water. 

Reagents:  1)  Thionyl  chloride 

2)  Hydroxylamine  hydrochloride  (saturated  alcoholic  solution) 

3)  Acetaldehyde 

4)  5  %  sodium  carbonate 

5)  0.5  N  hydrochloric  acid 

6)  Dilute  solution  of  ferric  chloride 


The  following  were  identified: 

12  y  benzene  sulfone  chloride,  C6H5S02C1 
20  y  naphthalene-/?-sulfonic  acid,  C10H7SO3H 
25  y  sulfanilic  acid,  C6H4(NH2)S03H 

10  y  potassium  hydrogen  p-benzene  sulfonate,  C6H4(S02K)bU3n 
30  y  helianthin,  (CH3)2NC6H4N  =  NC6H4S03Na 
15  y  H-acid,  C10H4(OH)(NH2)(SO3H)2 


(3)  Test  by  reaction  with  methylenedisalicylic  acid  10j 

When  methylenedisalicylic  acid  (I),  which  is  colorless  and  not  soluble  in 


References  pp.  229-232 


22 


SULFONIC  ACIDS,  ETC. 


185 


water,  is  heated  to  120-150°  with  concentrated  sulfuric  acid,  red  quinoidal 
formaurindicarboxylic  acid  (II)  *  results: 


I  I 

HOOC  COOH 


(I) 


+  H2so4 


The  reaction  occurs  because  the  concentrated  sulfuric  acid  functions  both 
as  oxidant  and  dehydrant.  Small  quantities  of  free  (unbound)  sulfuric  acid 
(up  to  2.5  y  in  drops)  can  be  detected  107  by  the  formation  of  (II).  (Compare 
Volume  I,  page  292). 

Numerous  aromatic  sulfonic  acids,  which  are  solid  at  room  temperature, 
behave  in  the  same  way  as  concentrated  sulfuric  acid.  The  reason  presumably 
is  that  sulfonic  acids  lose  sulfur  trioxide  when  their  mixtures  with  methylene- 
disalicylic  acid  are  heated,  and  this  product  behaves  like  concentrated  sulfuric 
acid  as  regards  oxidation  and  dehydration  effects.  It  is  known  that  sulfo- 
salicylic  acid  heated  above  its  melting  point  decomposes  in  such  manner 
that  loss  of  sulfur  trioxide  must  be  assumed  (see  page  272).  It  is  notable 
that  the  formation  of  formaurindicarboxylic  acid  on  heating  sulfosalicylic 
acid  with  methylenedisalicylic  acid  (m.p.  238°)  occurs  even  at  the  melting 
point  of  the  former  (120°),  i.e.  below  its  decomposition  temperature.  Conse¬ 
quently,  it  seems  that  the  tendency  to  decompose 


KbOgH  ->  RH  +  S03 

is  already  sufficient  at  relatively  low  temperatures  to  bring  about  the 
oxidation  to  formaurindicarboxylic  acid  on  contact  with  methylenedisali- 
cylic  acid.  Therefore,  this  behavior  justifies  the  belief  that  the  SOaH  group 
is  activated  when  sulfonic  acids  are  heated.  8  P 

,.'!kal!and  a!ka!me  earth  salts  of  s"lfomc  acids  do  not  react  with  methylene- 
disalicylic  acid  Accordingly,  if  such  salts  are  presented  for  examination 

with  cT^T  ,°  the  SUlf0"iC  add  by  taki"g  the  sample  to  dryness 

add'  b6f0re  thC  miXmg  and  heat”S  Wlth 

The  procedure  given  here  for  the  detection  of  sulfonic  acids  cannot  be 

*  The  acid  wa,  prepared  *  by  oxidizing  methylenedisalicylic  acid  with  nitrosyisuliuric  acid. 
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applied  to  colored  compounds,  e.g.,  dyestuffs  containing  the  S03H  group, 
because  in  such  cases  it  is  not  possible  to  discern  the  production  of  small 
quantities  of  formaurindicarboxylic  acid. 

The  cases  studied  thus  far  have  not  been  adequate  to  prove  that  the  S03H 
groups  in  all  sulfonic  acids  are  sufficiently  activated  on  heating  to  react  with 
methylenedisalicylic  acid.  The  possibility  must  be  kept  in  mind  that  an 
activation  can  be  prevented  by  other  groups  contained  in  the  sulfonic  acids. 
This  is  hinted  at  by  the  finding  that  sulfanilic  acid  (which  may  be  viewed 
as  an  inner  ammonium  salt)  and  likewise  several  other  sulfonic  acids  (see 
below)  do  not  react. 

Procedure.  A  drop  of  the  test  solution  is  taken  to  dryness  in  a  porcelain 
microcrucible  with  several  milligrams  of  methylenedisalicylic  acid.  The  crucible 
and  its  contents  are  then  kept  at  150°  for  three  minutes  in  an  oven.  According  to 
the  quantity  of  sulfonic  acid  present,  the  residue  turns  red  or  pink.  A  comparison 
test  is  advisable  when  small  amounts  are  involved. 

Reagent:  Methylenedisalicylic  acid  (solid)  108 

This  procedure  revealed: 

10  y  toluenesulfonic  acid 

10  y  2, 4-dinitro- 1  -naphthol  (6)  sulfonic  acid 
10  y  2,4-dinitro-benzenesulfonic  acid 
25  y  benzenesulfonic  acid  (sodium  salt) 

50  y  d-camphorsulfonic  acid 

25  y  anthraquinone-6-sulfonic  acid 

The  following  compounds  gave  no  response:  sulfanilic  acid,  pyrocateclnn- 
disulfonic  acid,  m-benzenedisulfonic  acid,  8-hydroxyquinoline-5-sulfomc  acid. 


23.  Amines 


(7)  Test  for  primary  and  secondary  aliphatic  amines  by  conversion  to  dithio- 
carbamate  109 


The  dithiocarbamates  of  the  corresponding  bases  are  formed  almost 
instantly  at  room  temperature  by  the  action  of  carbon  disulfide  on  free 
primary  and  secondary  aliphatic  amines  *»  (dissolved  m  mactrve  solvents. 

if  necessary) : 

/SH-NHR^a 


CS2  +  2  NH2R 


/SH-NH2R  r 

g  q  and  CSa  +  2  NHK11\2 

\NHR 


SC 


\NRjR3 
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after  removing  the  excess  carbon  disulfide  (b.p.  46°).  The  iodine-azide  test 
(see  page  164)  may  be  applied  because  the  dithiocarbamate  contains  the 
SH-  and  CS-groups  necessary  for  the  catalysis  of  the  sodium  azide-iodine 
reaction.  Alternatively,  the  dithiocarbamate  may  be  revealed  by  the  forma¬ 
tion  of  silver  sulfide  when  silver  nitrate  solution  is  added  to  the  dry  evapora¬ 
tion  residue.* 

When  salts  of  the  bases  (the  hydrochlorides,  for  example)  are  present, 
use  may  be  made  of  the  fact  that  triethylamine,  which  as  a  tertiary  amine 
does  not  react  with  carbon  disulfide,  is  so  strong  a  base  that  it  is  able  to 
liberate  primary  and  secondary  amines  from  solutions  of  their  salts.  It  is 
merely  necessary  to  add  carbon  disulfide  and  an  excess  of  triethylamine,  or 
a  prepared  mixture  of  these  reagents,  to  the  sample  and  proceed  as  pre¬ 
scribed.** 

Tertiary  aliphatic  bases  do  not  react.  Aromatic  amines,  which  likewise 
may  react  with  carbon  disulfide  with  production  of  thiourea  derivatives111, 

e.g., 


2  C6H5NH2  +  CS2  ->  C6H5 — N"H — CS — NH — C6H5  +  H2S 


do  not  do  so  under  the  mild  conditions  employed  here.  Accordingly,  primary 
and  secondary  aliphatic  amines  may  be  detected  in  the  presence  of  aromatic 
amines. 


Procedure.  A  drop  of  the  alcoholic  test  solution,  or  of  the  free  base,  is  mixed 
with  a  few  drops  of  an  alcohol-carbon  disulfide  mixture  in  a  microcrucible.  After 
about  5  minutes,  the  excess  carbon  disulfide  is  volatilized. The  apparatus  describ¬ 
ed  on  page  35  may  be  used  to  advantage.  A  few  drops  of  an  iodine— azide  solution, 
or  of  a  solution  of  silver  nitrate  in  nitric  acid,  are  added.  The  mixture  is  observed 
for  evolution  of  nitrogen  or  for  a  blackening  due  to  silver  sulfide. 

The  detection  of  dithiocarbamates  may  also  be  conducted  on  filter  paper.  The 
base  and  carbon  disulfide  (if  necessary  along  with  triethylamine)  are  mixed  on 
filter  paper  and  then  spotted  with  acidified  silver  nitrate  solution. 

Reagents:  1)  Mixture  of  carbon  disulfide  and  alcohol  (1  :  1) 

2)  Solution  of  3  g  sodium  azide  in  100  ml  0.1  N  iodine 
<3)  1  %  solution  of  silver  nitrate  in  dilute  nitric  acid 

See  Table  22  for  the  limits  of  identification. 


c°PperI1  “It*,  which  do  not  dissolve  in  water, 
proved  .ha,  Orations  by  the  author  have 

dithiocarbamates  and  conseque  ntlv  to  the  H  t  •  >PP^r  Sa  ts  may  be  aPPbed  to  the  detection  of 
«  In  the  presence of N  C  H  )  ^  aliPhatic 

e.g.,  RHN-CS-SHN  (C2H5)3,  or R  r'n-CS-SH h'°^a  Jamate^of  triethylamine  are  formed 
dary  aliphatic  amine.  "  12  I  N(C2H6)3  m  the  case  of  a  primary  or  secon- 
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Iable  22.  Primary  and  Secondary  Aliphatic  Amines 


4 


Detection  of 

Name 

Formula 

dithio- 

carbamate 

With 

With 

iodine- 

silver 

azide 

nitrate 

Ethylamine 

ch3— ch2— nh2 

6.5  y 

3  y 

Propylamine 

ch3— ch2— ch2— nh2 

13  y 

10  y 

Dipropyl- 

CH3 — CH2 — CH2 — NH — CH2 — CH2 — CH3 

140  y 

125  y 

amine 

isoButyl- 

amine 

CHa\ 

CH — CHj — NH2 

CH,/ 

10  y 

8  y 

Di-isoamyl- 

amine 

/c  Hs\  \ 

CH-CHj-CHj  NH 
\CH,/  /, 

102  y 

114  y 

Heptylamine 

CH3 — (CH2)6 — nh2 

12  y 

7  y 

Diethanol- 

(CH2OH— CH2)2NH 

1  y 

0.6  y 

amine 

Benzylamine 

c6h5— ch2— nh2 

15  y 

8.5  y 

Piperidine 

CHj- CH2 

hc2<  >NH 

CHj-CHj 

4.5  y 

Phenylhy- 

C6H5— NH— NHa 

250  y 

200  y 

drazine 

Glycine 

C2H5OOC— CHj— NHjHCl 

100  y 

70  y 

ester  hydro¬ 
chloride 

Leucylgly- 

HOOC— CHj— NH— CO— CH— NH2 

35  y 

35  y 

cine 

(CH3)jCH— CH2 

Leucylgly- 

HOOC-CH2-NH-CO-CH2-NH-CO-CH-NH2 

30  y 

35  y 

cylglycine 

(CH3)2CH-CH2 

Arginylgly- 

cine 

H  ,N— CH— CO— N  H— CH2— COOH 

1  ^NH 

25  y 

30  y 

CHj— (CH2)j— NH— C— NH2 
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The  formation  of  dithiocarbamate  as  a  test  for  aliphatic  amines  may  also 
be  used  to  detect  aliphatic  and  aromatic  a-  or  o-diketones.  They  readily 
condense  with  ethylenediamine  to  form  the  so-called  dihydropyrazines.  For 
example,  benzil  reacts: 


c6h5 — c=o 
c6h5 — c=o 


h2n— ch2 

+  I 

h2n—  ch2 


-2H.O 
- > 


c6Hs— c 
C6H5— C 


N> 


CH, 


CH, 


N' 


(l,2-diphenyl-4,5- 

dihydropyrazine) 


Ethylenediamine  is  consumed  by  the  above  reaction,  and  consequently 
the  presence  of  aliphatic  or  aromatic  a-  or  o-diketones  may  be  detected  by 
the  negative  or  weakened  response  to  the  dithiocarbamate  test  for  ethylene¬ 
diamine.  Other  materials,  such  as  aldehydes  and  carboxylic  acids,  which 
react  with  ethylenediamine  in  other  ways  and  thus  consume  it  must  neces¬ 
sarily  be  absent. 


Procedure.  A  drop  of  an  approximately  0.02  %  solution  of  ethylenediamine 
in  alcohol  is  mixed  with  one  drop  of  an  alcohol  or  ether  solution  of  a  1,2-diketone. 
After  10  minutes  at  room  temperature,  an  alcohol  solution  of  carbon  disulfide  is 
added  and  the  mixture  is  evaporated  on  the  water  bath.  A  negative  or  very 
slight  positive  dithiocarbamate  reaction,  compared  with  the  strong  blank  test 
on  the  pure  ethylenediamine  solution  employed,  indicates  the  presence  of  a-  or 
o-diketones. 

The  following  amounts  were  revealed  by  this  procedure: 

6  y  diacetyl,  CH3COCOCH3 
55  y  benzil,  C6H5COCOC6H5 
6  y  phenanthraquinone,  C6H4COCOC6H4 


(~)  Test  for  secondary  aliphatic  amines  with  sodium  nitroprusside  and  acet¬ 
aldehyde  112 

Secondary  aliphatic  amines  form  blue-violet  soluble  compounds  (of  un¬ 
known  constitution)  when  they  react  with  sodium  nitroprusside  and  certain 
aldehydes  (the  most  suitable  is  acetaldehyde)  in  solutions  rendered  alkaline 
with  sodium  carbonate.  The  reaction  is  analogous  to  that  described  (page  283) 
in  the  test  for  glycerol,  which  depends  on  the  blue- violet  color  formed  from 
sodium  nitroprusside,  piperidine,  and  acrolein  developed  from  the  glycerol. 

d  tertlary  amines  do  not  interfere  with  the  test,  but  the  activity 

(see  Tab! ^  ^  ^  gr°UpS  ^  the  molecule 
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Table  23.  Secondary  Aliphatic  Amines 


Name 

Formula 

Color 

Limit  of 
identifi¬ 
cation 

Dilution 

limit 

Diethylamine 

(C2H5)2NH 

Blue- 

4  y 

1  :  12,500 

violet 

Diethanol- 

(C2H4OH)2NH 

Blue 

100  y 

1  :  500 

amine 

Di-tsoamyl- 

[(CH3)2CHCH2CH2]2NH 

Blue- 

2  y 

1  :  25,000 

amine 

violet 

Adrenalone 

(HO)2C6H3— coch2nhch3 

Blue 

10  y 

1  :  5000 

Spermidine 

H2N(CHj)4\ 

\nh 

Violet 

70  y 

1  :  700 

HjNfCH,)/ 

Spermine 

H2N(CH2)3NHCH2— ch2 

Violet 

80  y 

1  :  600 

H2N(CH2)3NHCH2— ch2 

Pyrrolidine 

H.C - CHj 

1  1 

Blue 

0.5  y 

1  : 100,000 

H2C  CHj 

/-Proline 

H2C- - CHj 

Blue 

1  y 

1  :  50,000 

|  | 

H.C  CHCOOH 

V 

Piperidine 

/CHj-CHjv 
h2c<  >NH 

\cH2-CHj/ 

Blue- 

violet 

5  y 

2,2’-Dimethyl- 

dicyclohexyl- 

/  CHj- CHCH3\ 

h2c<  >ch  nh 

\  CHa-CH2  /, 

Blue 

100  y 

1  :  500 

amine 

l-Phenyl-2- 

methylamino- 

H 

C#Hj — CH2 — C — CH3 

HN- CH3 

Blue 

10  y 

1  :  5000 

propane 
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Procedure.  A  drop  of  the  test  solution  (neutral,  acid,  or  alkaline)  is  mixed, 
on  a  spot  plate  or  in  a  microcrucible,  with  a  drop  of  the  reagent  solution,  and  a 
drop  of  a  2  %  solution  of  sodium  carbonate  is  added.  If  the  test  solution  is  acid, 
care  must  be  taken  to  add  sufficient  carbonate  to  render  the  mixture  alkaline. 
A  blue  to  violet  color  is  formed  in  the  presence  of  secondary  aliphatic  amines. 
When  small  amounts  are  suspected,  a  blank  test  is  advisable. 

Reagents:  1)  1  %  sodium  nitroprusside  solution  to  which  10  %  by  volume  of 
acetaldehyde  is  added.  The  reagent  must  be  freshly  prepared 
2)  2  %  sodium  carbonate  solution 


The  sensitivity  of  this  reaction  for  a  number  of  secondary  amines  is  listed 
in  Table  23.  The  test  may  be  applied  to  detect  the  presence  of  secondary 
amines  in  ethylenediamine,  and  of  mono-  and  diethylamine  in  commercial 
triethanolamine. 


(3)  Test  for  NH2,  NH  or  N(CH3)  groups  by  melting  with  fluorescein  chloride  113 

All  compounds  containing  the  NH2“,  NH-  or  N(CH3)-groups  give  rise  to 
rhodamine  dyestuffs  when  melted  with  fluorescein  chloride  and  anhydrous 
zinc  chloride  114.  The  properties  of  the  dyestuffs  vary  characteristically 
according  to  the  different  types  of  amine  used.  The  formation  of  the  rhoda- 
mines  starting  from  the  colorless  fluoresceinchlorid  is  shown  in  the  general 
equation  * : 


*  In  addition  to  the  para  quinonoid  ammonium  salts  formulation  given  in  this  text  the 
rhodamme  dyes  can  also  be  written  as  ortho  quinonoid  oxonium  salts  or  as  carbonium  salts 
with  the  respective  zwitter  ions  I  and  II.  b 


Compare  in  this  respect  113a,  1136  and  113c 
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In  the  following  tests  use  is  made  of  the  fact  that  acid  solutions  of  rho- 
damine  dyes  show  a  characteristic  fluorescence  in  ultraviolet  light,  in  some 
cases  even  in  day  light.  It  is  probable,  although  not  yet  proved,  that  the 
precipitation  of  violet  thallic  compounds  from  acid  solutions  of  rhodamine 
dyes  may  also  be  used  for  the  identification  of  rhodamine  dyes  synthesized 
through  the  interaction  between  the  lactone  fluorescein  chlorid  and  primary 
or  secondary  aliphatic  or  aromatic  amines.  (Compare  the  test  for  rhodamine 
dyes  described  on  page  340). 


Detection  of  primary  aliphatic  amines 

On  melting  primary  aliphatic  amines  or  their  salts  with  fluorescein 
chloride,  the  resulting  light  red  dyestuffs  exhibit  yellow-green  fluorescence. 
The  general  formula  of  these  products,  which  are  symmetrical  dialkyl 
rhodamines,  is: 


They  give  an  intense  fluorescence  both  in  daylight  and  ultraviolet  light. 
Rhodamines  produced  from  acid  amides  (see  page  197)  and  also  from  ammo¬ 
nium  salts  show  a  similar  fluorescence. 


Procedure.  A  drop  of  the  test  solution,  containing  hydrochloric  acid,  is 
evaporated  to  dryness  in  a  test  tube,  and  the  residue  is  mixed  with  a  little  fluo¬ 
rescein  chloride  (from  the  tip  of  a  spatula)  and  twice  the  bulk  of  zinc  chloride. 
The  mixture  is  then  heated  in  an  air  bath  (iron  crucible  or  aluminum  block)  to 
250  to  260°  until  all  the  zinc  chloride  has  melted.  When  cool,  the  melt  is  dissolved 
in  alcoholic  hydrochloric  acid.  In  the  presence  of  primary  aliphatic  amines,  the 
solution  shows  a  yellow-green  fluorescence.  For  the  detection  of  very  smaU( 
amounts  of  amines,  the  solution  should  be  examined  for  fluorescence  in  the  light 

of  a  quartz  analytical  lamp. 

Limits  of  identification  obtained  by  means  of  this  test  are  given  in  Table  24. 
Reagents :  1 )  Fluorescein  chloride 

2)  Anhydrous  zinc  chloride 

3)  10  %  alcoholic  hydrochloric  acid 
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Table  24.  Primary  Aliphatic  Amines 


Name 

Formula 

Color 

Fluores¬ 

cence 

Ultra¬ 

violet 

fluores¬ 

cence 

Limit 

of  iden¬ 
tifica¬ 
tion 

Ammonium  chlo¬ 
ride 

NH4C1 

Pink 

Green 

Yellow- 

green 

30  y 

Hydroxylamine 

nh2ohhci 

Pink 

Green 

Yellow 

20  y 

hydrochloride 

Hydrazine  sulfate 

nh2nh2h2so4 

Orange 

Green 

Yellow 

20  y 

Methylamine  hy- 

ch3nh2hci 

Red 

Green 

Yellow 

10  y 

drochloride 

Glycine  ester 

CH2(NH2)COOC2Hs 

Pink 

Green 

Yellow 

20  y 

Benzylamine 

c6h5ch2nh2 

Red 

Green 

Y  ellow- 

green 

10  y 

Detection  of  secondary  aliphatic  amines  116 

Tetra-alkyl  rhodamines  (I)  are  formed  on  melting  secondary  aliphatic 
amines  with  fluorescein  chloride  (II) : 


Then-  acid  solutions  are  red  and  exhibit  an  orange-red  fluorescence.  The 

difference  in  the  fluorescence  color  from  that  of  primary  amines,  which  is 

yellow-green,  gives  a  basis  for  the  differentiation  of  these  two  classes  of 
compounds. 

The  test  is  carried  out  as  described  for  primary  amines 
TabirS.  of  identification  for  some  secondary  amines  are  given  in 
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Name 

Formula 

Color 

Fluores¬ 

cence 

Ultra¬ 

violet 

fluores¬ 

cence 

Limit 
of  iden¬ 
tifica¬ 
tion 

Diethylamine 

/C  2H5 

hn/ 

^C.H, 

Red 

Orange- 

red 

• 

Orange- 

red 

4  y 

Piperidine 

/CH,-CHlX 

HN  CH2 

\CH,-CH,/ 

Red 

Red 

Orange- 

red 

4  y 

Aceturic  ethyl 
ester 

CH2COOC2H5 

NHCOCH3 

Orange 

Orange 

Orange- 

yellow 

20  y 

Another  test  for  secondary  aliphatic  amines  is  given  on  page  189. 


Detection  of  aromatic  amines 

Primary,  secondary,  and  tertiary  aromatic  amines  containing  a  methyl 
group,  give  rise  to  dyestuffs  of  the  following  types  when  melted  with  fluores¬ 
cein  chloride : 
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The  alcoholic  hydrochloric  acid  solutions  of  these  dyestuffs  are  deep  red- 
violet,  but  unlike  the  rhodamines  formed  from  the  aliphatic  amines,  they 
do  not  fluoresce.  Hence  the  presence  or  absence  of  fluorescence  affords  a 
means  of  differentiation  between  aromatic  and  aliphatic  amines.  Benzal 
derivatives  of  amines  behave  similarly  to  the  parent  compounds. 

The  test  is  carried  out  as  already  described  for  the  aliphatic  amines 
(page  192). 

Limits  of  identification  for  a  number  of  aromatic  amines  are  given  in  Table  26. 


Table  26.  Aromatic  Amines 


Name 

Formula 

Color 

Limit 
of  iden¬ 
tifica¬ 
tion 

Aniline 

<3>-nh2 

Red- 

violet 

5  y 

a-Naphthylamine 

nh2 

Dark 

violet 

5  y 

/9-Naphthylamine 

XNH, 

Red- 

violet 

2  y 

/3-Aminoanthra- 

quinone 

COO~NH> 

Red 

4  y 

\/\/\/ 

H 

o 

Benzidine 

h2n-/^\>_ <^^>-nh2 

Red- 

violet 

4  y 

o-Aminobenzalde- 

hyde 

<>nh2 

Red 

2  y 

CHO 
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Table  26.  Aromatic  Amines  (continued) 


Name 

F  ormula 

Color 

Limit 

Df  iden¬ 
tifica¬ 
tion 

/>-Nitraniline 

h2n-  no2 

Red- 

violet 

5y 

^-Phenylenedi- 

amine 

h2n-<^>-nh2 

Purple 

1  Y 

p-Chloraniline 

h2n-<^)>-ci 

Purple 

4  y 

H-acid 

C10H4(OH)(NH2)(SO3H2) 

Red- 

violet 

10  y 

Diphenylamine 

0-nh-0 

Purple 

8  y 

Hydrazobenzene 

/^)-NH- NH— 

Purple 

4  y 

Acetanilide 

NHCOCHs 

Scarlet 

4  y 

Benzenesullo-p- 

nitranilide 

/  \—  S02— NH— <(^^>— N0a 

Blue- 

violet 

4  y 

^-Dimethylamino- 

benzaldehyde 

OHC-  ^  ^>—  N(C  H3)2 

Cherry- 

red 

4  y 

Michler’s  ketone 

(CH.1.K-0  c0-ON(CH3)> 

Red 

2  y 

Diethylaniline 

^)»  —  N(C,H,), 

Pink 

400  y 

Benzylidene-/?-ni- 

traniline 

^_ch=n-^)>-no2 

Brown- 

violet 

_ 

8  y 
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Detection  of  acid  amides  and  acid  nitriles  117 

Acid  amides  behave  similarly  to  primary  aliphatic  amines  on  melting 
with  fluorescein  chloride.  Acid  nitriles,  after  they  have  been  saponified  to 
acid  amides,  give  the  same  products.  The  rhodamine  dyestuffs  formed  have 
not  been  isolated;  probably  the  products  are  analogous  to  those  formed 
from  primary  amines. 

The  test  is  carried  out  as  described  for  primary  aliphatic  amines  (page 
192)  except  that  it  is  important  that  the  sample  be  evaporated  from  neutral 
solution;  in  acid  solutions  the  acid  amide  may  be  saponified.  Dyestuffs  with 
yellow  fluorescence  are  formed. 

The  limits  of  identification  for  various  acid  amides  are  given  in  Table  27. 


Table  27.  Acid  Amides 


Name 

Formula 

Color 

Fluores- 

cense 

Ultraviolet 

fluorescence 

Limit  of 
identifi¬ 
cation 

Acetamide 

CH3CONH2 

Orange 

Yellow 

20  y 

Benzamide 

c6h5conh2 

Orange 

Green 

Yellow- 

20  y 

green 

Semicarb- 

azide 

/NHNHj 

co/ 

\nh2 

Cherry- 

red 

Orange- 

yellow 

Orange- 

yellow 

20  y 

Phthalimide 

o 

C«H4<^  ^>nh 
o 

Yellow 

Yellow 

40  y 

Saccharin 

0 

c 

Red 

Yellow 

50  y 

C«H4/  \nh 

\  / 
so2 

Detection  of  pyrrole  bases 


118 


(a)  Test  by  melting  with  fluorescein  chloride 

Pyrrole  and  its  derivatives  containing  the  intact  NH-group,  and  there- 
ore  functioning  as  secondary  amines,  form  yellow-brown  rhodamine  dyes 
when  melted  with  fluorescein  chloride  and  anhydrous  zinc  chloride 
Dissolved  m  dilute  hydrochloric  acid,  these  dyes  display  a  blue  fluores 
cence  in  ultraviolet  light.  This  reaction  can  be  appiied  as  a  test  for' 
pyrrole  and  pyrrole  derivatives.  F  1  10r 


References  pp.  229-232 


198 


FUNCTIONAL  GROUPS 


4 


The  procedure  is  the  same  as  that  given  on  page  192  et  seq.  for  the 
detection  of  primary  and  secondary  amines  by  means  of  the  formation 
of  yellow-green  and  orange-red  fluorescing  rhodamine  dyes. 

The  limits  of  identification  for  pyrrole  and  some  pyrrole  derivatives 
are  given  in  Table  28. 


(, b )  Test  with  p-dimethylaminobenzaldehyde  1180 

If  a  mixture  of  pyrrole  (I)  and  a  weakly  acid  alcoholic  solution  of 
/>-dimethylaminobenzaldehyde  (II)  is  warmed,  a  red-violet  color  develops. 
This  color  reaction  is  based  on  the  fact  that  pyrrole  can  react  in  its 
tautomeric  forms  (la)  and  (lb),  which  are  known  as  pyrrolenine  1186: 


/CH=CH 
HN  a  |  p 

\CH=CH 

(I) 


/CH,-CH 

N  |l 


■^CH — CH 
(la) 


^CH-CH2 

<1  I 

\CH=CH 

(lb) 


The  CH2-groups  in  (la)  and  (lb)  permit  condensation  with  the  aldehyde. 
For  example,  (lb)  reacts  with  loss  of  water: 


^ch-ch2 

N 

\CH=CH 


+  OCH 


t-N(CH,),-*>H,0  + 
(II) 


^CH-C=CH-< 

N  I  ' — 

\CH=CH  (III) 


N(CH3)2 
( 1 ) 


References  pp.  229-232 


23 


AMINES 


199 


The  compound  (III)  produced  in  {!)  combines  with  H+ions  and  re¬ 
arranges  into  the  quinoidal  red-violet  compound  (IV) : 

^CH-C=CH-/~ V-N(CH3)2  /CH=C-CH=/  \=N(CH3)2  (2) 

N  I  \ /  +  H+  -*■  HN  I 

\CH=CH  (III)  \CH=CH 


The  procedure  used  here  takes  advantage  of  the  fact  that  reactions 
( 1 )  and  (2)  occur  almost  immediately  and  without  warming  if  a  concen¬ 
trated  solution  of  />-dimethylaminobenzaldehyde  in  concentrated  hydro¬ 
chloric  acid  is  used  as  reagent. 

The  derivatives  of  pyrrole  show  the  same  ability  to  undergo  this  con¬ 
densation,  provided  they  have  an  intact  CH-group  in  the  a-  or  /5-position 
to  the  cyclic  NH-group.  Accordingly,  indole  (benzopyrrole),  skatole  (/5- 
methylindole),  and  tryptophane  (/Tindolylaline)  react  analogously  to  pyrr¬ 
ole,  whereas  carbazole  (dibenzpyrrole)  does  not  react  with  />-dimethyl- 
aminobenzaldehyde.  In  the  color  reactions  of  pyrrole  derivatives  with 
^-dimethylaminobenzaldehyde,  it  is  of  course  also  possible  that,  under 
the  conditions  of  the  test,  there  is  first  a  fission  into  pyrrole  or  indole, 
and  the  condensation  with  the  reagent  then  follows. 

When  ^-dimethylaminobenzaldehyde  is  used  as  reagent  for  pyrrole 
bases,  it  should  be  noted  that  primary  aromatic  and  aliphatic  amines 
condense  with  this  aldehyde  to  yield  colored  Schiff’s  bases.  The  color  of 
these  products  however  is  never  violet,  but  yellow,  orange-red,  sometimes 
brown.  Furthermore,  the  sensitivity  of  the  color  reaction  based  on  the 
formation  of  Schiff  s  bases,  particularly  in  strong  hydrochloric  acid  solu¬ 
tion,  is  considerably  lower  “8C  than  that  of  the  color  reaction  of  pyrrole 
and  pyrrole  derivatives  with  ^-dimethylaminobenzaldehyde,  which  rests 
on  another  kind  of  condensation. 


Procedure  One  drop  of  the  aqueous,  ether,  or  alcoholic  test  solution  is 
mixed  with  one  or  two  drops  of  the  reagent  solution  on  a  spot  plate.  If  pyrrole 

or  reaction-capable  pyrrole  derivatives  are  present,  a  violet  color  will  appear 
at  once  or  after  a  short  time. 

Reagent:  J-Dimethylaminobenzaldehyde  5%  solution  in  concentrated 
hydrochloric  acid. 

This  procedure  revealed:  0.04  y  pyrrole;  0.06  y  indole;  0.1  y  tryptophan. 

(4)  Test  for  primary  aromatic  amines  with  glutaconic  aldehyde  «• 

Acid  solutions  of  primary  aromatic  amines  give  colored  products  with 

hydroteirof  atCVI  W‘th  "‘I™™164  light'‘“  The  reaction  depends  on  the 
y  y  s  0f  pyrldlne  ln  ultraviolet  light  to  give  the  ammonium  salt  of 
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glutaconic  aldehyde  enol,  as  shown  in  (1).  This  forms  condensation  products, 
of  the  type  of  Schiff’s  base,121  with  primary  aromatic  amines  ( 2 ) : 


H 

HC  CH  +  2  H«0 


HC 


CH 


H 

^C\ 
HC  CH 


OCH  HCONH, 


(D 


N" 


H 

HC  CH 


H 

^C\ 

HC  CH 


OCH  HOCH  +  2  ArNHj-HX 


ArN=CH 


CH— NH-Ar-HX 


(2) 


Primary  aromatic  amines  can  therefore  be  identified  by  the  colored 
Schiff’ s  bases  formed  with  glutaconic  aldehyde. 

Free  glutaconic  aldehyde  is  very  unstable,  since  it  polymerizes  readily, 
and  even  its  ammonium  salt  (formed  by  ultraviolet  light  on  paper  impreg¬ 
nated  with  pyridine)  decomposes  in  a  few  days.  It  is  therefore  best  to  carry 
out  the  test  with  the  aid  of  compounds  that  readily  break  up  to  yield 
glutaconic  aldehyde.  Among  such  materials  are  sodium  glutaconic  aldehyde 
enolate  (I)  and  4-pyridylpyridinium  dichloride  (II) :  122 

ci 

NaOCH=CH — CH=CH — CHO  HC1-N<^~^>— N<^~^> 

(I)  (”> 


The  latter  breaks  up  with  alkali  to  give  the  alkali  enolate  of  glutaconic 
aldehyde  (III)  and  4-aminopyridine  (IV),  and  liberates  the  reagent: 


H 

HC^  ^CH 


NH, 


0=CH  CHONa 
(HI) 


+ 


+  2  NaCl  +  H20 


Procedure.  A  drop  of  the  test  solution  and  a  drop  of  the  reagent  arc  placed 
in  a  microcrucible,  made  alkaline  with  2  drops  of  sodium  hydroxide,  and  at  once 
3  drops  of  hydrochloric  acid  are  added.  In  the  presence  of  a  primary  aromatic 
amine,  a  deep  red  to  violet  color  or  precipitate  is  formed. 

•  4-Aminopyridine  does  not  behave  like  an  aromatic  amine;  therefore  no  colored  Schifl's 
base  is  formed  when  it  breaks  up. 
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Table  29.  Primary  Aromatic  Amines 


Name 


Formula 


Aniline 

o-Nitraniline 

w-Nitraniline 

/>-Nitraniline 

m-Brom- 

aniline 

£>-Phenylene- 

diamine 

/>-Amino- 

diphenyl 

Benzidine 

a-Naphthyl- 

amine 

/?-Naphthyl- 

amine 

1,8-Naphthyl- 

diamine 

K-Acid 

a-Amino- 

pyridine 


Amino- 

tetrazole 


— nh2 


c6h4(no2)nh2 


Br 


NH 


Test  with 


Glutaconic  aldehyde 


Na2[Fe(CN)5H20] 


Limit  of 
identifi¬ 
cation 


NH. 


NH, 


— NH, 


c10h7nh2 

C10H6(NH2)2 

C10H4(OH)(NH2)(SO3H)2 


— NH, 


N 


N  — 

— N 

II 

N 

C— 

NH 


0.1  y 

1  y 
1  y 

0.3  y 

1  y 

0.1  y 
1  y 
0.1  y 
0.05  y 

0.1  y 

1  y 


2  y 


Color 


Red- 
brown 

Rose- 
red 

Bluish 
red 

Rose-red 

Red 

Violet 

Red 

Red- 

brown 

Scarlet 

Red 

Red- 

brown 


Orange 
Does  not  react 


Limit  of 
identifi¬ 
cation 


0.5  y 


Color 


Green 


Does  not  react 


50  y 

10  y 
5  y 

0.1  y 

1  y 

1  y 

2  y 
2  y 

10  y 

20  y 
10  y 


Does  not  react 


100  y 


Green 

Green 

Green 

Blue 

Green 

Blue- 

green 

Blue- 

green 

Green 

Brown  - 
green 

Brown 

Green 


Violet- 

pink 
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An  alternative  procedure  is  to  impregnate  spot  paper  with  an  alcoholic 
solution  of  sodium  glutaconic  aldehyde  enolate  (prepared  by  adding  sodium 
hydroxide  to  an  alcohol-water  solution  of  4-pyridylpyridinium  dichloride).  The 
warm  test  solution,  slightly  acidified  with  mineral  acid,  is  spotted  on  the  dry 
paper.  The  pale  brown  paper  is  stained  red,  violet,  or  dark  brown.  In  the  ab¬ 
sence  of  amines,  a  white  fleck  is  formed  on  the  paper,  owing  to  the  destruction 
of  the  sodium  glutaconic  aldehyde  enolate. 

Reagents:  1)  1  %  solution  of  4-pyridylpyridinium  dichloride  123 

2)  2  N  sodium  hydroxide 

3 )  2  N  hydrochloric  acid 

The  limits  of  identification  for  a  number  of  amines  are  given  in  Table  29. 


(5)  Test  for  primary  aromatic  amines  with  sodium  pentacyanoaquoferriate  124 

A  green  or  blue  color  results  on  mixing  primary  aromatic  amines  with  a 
light  yellow  sodium  carbonate  solution  of  sodium  pentacyanoaquoferriate, 
Na2[Fe(CN)5)H20].  This  color  reaction  also  succeeds  with  solutions  of  sodium 
nitroprusside,  that  have  been  left  for  a  long  time  in  the  light,  or  that  have 
been  treated  with  ultraviolet  light  for  15  minutes.  Under  these  conditions 
the  following  changes  occur: 

Naa[Fe(CN)#NO]  +  HaO  ->  Na2[Fe(CN)5H20]  +  NO  (1) 

The  aquoferriate  formed  according  to  (2)  reacts  with  the  primary  aromatic 
amines,  with  the  liberation  of  one  molecule  of  water.  For  instance;  with 

aniline: 

Na2[Fe(CN)5H20]  +  C6H5NH2  ->  Na2[Fe(CN)6C6H5NH2]  +  HzO  (2) 


The  compounds  resulting  from  (2)  are  green  or  blue. 


Procedure.  A  drop  of  the  test  solution  is  mixed  with  a  drop  of  the  reagent 
solution  on  a  spot  plate  or  in  a  microcrucible.  If  necessary,  a  little  dilute  sodium 
carbonate  solution  is  added.  A  more  or  less  intense.green  or  blue  color  appears  at 
once  or  after  a  few  minutes. 

Reagent'  Sodium  pentacyanoaquoferriate  solution.  A  1  %  solution  of  sodium 
g  pentacyanoaquoferroate  (see  page  121)  is  treated  wrth  bromrne 
water  until  the  color  is  violet,  and  then  sufficient  sodium  mtroprus- 
side  is  added  to  change  the  color  to  yellow.  Sodium  carbonate 
solution  (2  %)  is  added.  Instead,  a  solution  of  sodium  nitroprusside 
in  1  %  sodium  carbonate  which  has  been  aged  by  long  storing,  or 
by  15  minutes  irradiation  in  ultraviolet  light*  may  be  used. 

The  limits  of  identification  for  a  number  of  amines  are  given  in  Table  29. 

.  This  1,  advisable  when  hydrate  or  nitroso  compounds  are  present,  as  they  react  with 
any  excess  of  prussic  salts  (see  p.  1--). 
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(6)  Other  tests  for  primary  aromatic  amines 

The  fact  that  the  hydrogen  atoms  of  the  NH2  group  are  readily  replaceable 
forms  the  basis  of  the  following  tests.125  They  may  be  carried  out  as  spot 
reactions  (in  microcrucibles  with  heating) : 

(a)  Condensation  with  aromatic  nitroso  compounds  with  formation  of 
azo  dyes.  Reagent:  saturated  solution  of  5-nitroso-8-hydroxy quinoline  or 
10  %  nitrosodimethylaniline  in  glacial  acetic  acid  ( Idn .  Limit:  1-100  y). 

(, b )  Condensation  with  furfural  (or  ^-dimethylaminobenzaldehyde)  to  give 
Schiff’s  bases,  which  are  violet  or  orange  colored.126  Reagent:  solution  of 
10  drops  furfural  in  10  ml  glacial  acetic  acid  or  a  saturated  solution  of 
/>-dimethylaminobenzaldehyde  in  glacial  acetic  acid  {Idn.  Limit:  0.1-200  y). 
Secondary  aromatic  amines,  also  aliphatic  amines  and  amino  acids,  react 
in  the  same  way.  Proteins  react  with  />-dimethylaminobenzaldehyde. 

(c)  Condensation  with  chloranil  to  form  compounds  that  are  blue,  red,  or 
brown.  Reagent:  saturated  solution  of  chloranil  in  dioxan  {Idn.  Limit: 
0.2-200 y).  Secondary  amines  react  similarly;  amino  acids  do  not  react. 
Phenols  give  red  to  violet  colorations. 

{d)  Primary  amines  react  with  carbon  disulfide  to  form  symmetrical 
dialkylated  thioureas  and  liberate  hydrogen  sulfide.127  The  latter  can  be 
detected  with  lead  acetate  paper  in  a  suitable  apparatus  {Idn.  Limit:  1  to 
5  y  amine). 

{e)  The  following  procedure  has  been  recommended.128  One  drop  of  the 
ether  or  acetone  solution  of  the  sample  is  placed  on  filter  paper.  The  solvent 
is  allowed  to  evaporate.  The  paper  is  then  exposed,  successively,  for  5 
minutes  each,  to  the  vapors  of  concentrated  hydrochloric  acid,  and  ethyl 
nitrite  (from  alcohol,  HC1,  crystallized  NaN02).  Then  the  paper  is  spotted 
with  an  ether  solution  of  resorcinol,  held  over  ammonia,  and  finally  steamed. 

An  orange,  red,  or  violet  color  indicates  the  presence  of  diazotizable  NH 
groups. 


(7)  Test  for  secondary  aromatic  amines  through  oxidation  to  blue  quinone- 

The  sensitive  test  for  nitrates,  which  is  based  on  the  oxidation  of  diphenyl- 
arnine  or  diphenylbenzidine  (dissolved  in  concentrated  sulfuric  acid)  to  a 

LTforZh  rVatlV:  °f  benzidme  (See  Pa^e  126)>  al*o  provides  a  sensitive 
est  for  diphenylamine  if  concentrated  nitric  acid  is  employed.  All  secondary 

a^e  coimmeStl 1  Wlth  P°siti0ns  fiara  t0  the  NH-group  similarly  give 
a  blue  color  with  concentrated  nitric  acid.  This  color  reaction  uniformly 

nv°  "  6S  an  lmtlal  nnS  linkage,  through  oxidation  to  an  N-N'-substituted 
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benzidine  (II),  that  is  followed  by  the  production  of 
compound  (III) : 


4 

a  quinoneimide- 


r— R 

(ill) 

The  conversion  of  secondary  aromatic  bases  into  quinoneimides  can  also 
be  brought  about  by  other  oxidants  (hydrogen  peroxide,  alkali  chlorate, 
etc.)  in  the  presence  of  strong  acids,  but  concentrated  nitric  acid  is  best 
suited  to  this  purpose. 

Mixed  aliphatic  aromatic  secondary  amines,  (e.g.,  monomethylaniline) 
give  a  blue-green  color  with  concentrated  nitric  acid,  while  benzidine  yields 
a  yellow  coloration,  and  />-phenylenediamine  a  brown.  Secondary  aromatic 
amines  can  be  detected  specifically  by  oxidation  with  concentrated  nitric 
acid,  if  the  solubility  relationships  of  these  amines  and  their  derivatives  are 
taken  into  consideration.  Diphenylamine  and  diphenylbenzidine  are  very 
weak  bases  which,  in  contrast  to  primary  aromatic  and  mixed  aliphatic- 
aromatic  secondary  amines,  are  not  soluble  in  dilute  mineral  acids.  Accor¬ 
dingly,  they  may  be  readily  separated  from  organic  bases  by  digestion  with 
dilute  mineral  acids.  On  the  other  hand,  as  a  consequence  of  the  weak  basic 
character  of  the  NH-group  in  secondary  aromatic  amines,  the  introduction 
of  sulfonic  and  carboxyl  groups  into  one  of  the  aromatic  rings  leads  to 
acidic  compoundswhich  are  soluble  in  water  and  dilute  alkalies.  Therefore,  sucli 
derivatives  of  aromatic  secondary  amines  can  be  separated  from  water- 
insoluble  aromatic  bases  by  digestion  with  dilute  alkali.  Consequently,  if 
the  behavior  toward  acids  and  alkalies  is  given  due  consideration,  oxidation 
by  means  of  nitric  acid  can  be  used  to  differentiate  certain  secondary  aromatic 
amines  from  their  sulfonic  and  carboxylic  acids.* 

Procedure.  A  pinch  of  the  test  material  is  treated  with  a  drop  of  concentrat¬ 
ed  nitric  acid  in  a  microcrucible.  If  solutions  in  organic  solvents  or  in  alkali 
hydroxides  (see  above)  are  being  tested,  a  drop  of  the  liquid  sample  is  brought 
to  dryness  in  the  crucible  and  a  drop  of  nitric  acid  then  added.  A  more  or  less 
intense  blue  results,  depending  on  the  quantity  of  secondary  aromatic  amine 

present. 

*  Diphenylamine  and  its  derivation  have  considerable  importance  as  redox  indicators 
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The  following  amounts  were  detected: 

0.25  y  diphenylamine 

0.40  y  diphenylamine-2, 2'-dicarboxylic  acid 
0.17  y  diphenylbenzidine 
0.3  y  diphenylamine  sulfonic  acid 
0.5  y  carbazole 
Reagent:  Nitric  acid  (sp.  gr.  1.4) 


(8)  Test  for  primary,  secondary  and  tertiary  amines  with  fused  potassium 
thiocyanate  130a 

When  fused  potassium  thiocyanate  (m.p.  173-179°)  is  brought  in  contact 
with  solid  ammonium  salts,  the  following  reaction  takes  place : 

KCNS  +  NH4X  ->  KX  +  NH4CNS  X  =  Cl,  Br,  I,  1/2S04,  etc. 


On  further  heating,  ammonium  thiocyanate  (m.p.  149°)  undergoes  a  series  of 
transformations  depending  on  temperature,  rate  of  heating,  etc.  130&.  One  of 
these  transformations  is  the  rearrangement  of  ammonium  thiocyanate  into 
the  isomeric  thiourea,  which  in  the  form  of  isothiourea  decomposes  on  hea¬ 
ting  into  hydrogen  sulfide  and  cyanamide :  1300 

/NHj  /SH 

nh4cns  ^  s=c  ^  h2n — C  — >■  H2S  +  NH2C n 

\nh2  ^nh 

Salts  of  aliphatic  and  aromatic  amines  which  are  nothing  but  substituted 
ammonium  salts,  react  in  an  analogous  fashion.  With  primary  and  secondary 
amines  the  corresponding  thiocyanates  are  formed  first  and  remain  in  equili¬ 
brium  with  the  respective  substituted  thioureas : 


S=c 


/NH2 


\NHR 


S=C 


/NH2 


\NR1R8 


Both  of  these  substituted  thioureas,  probably  in  the  isomeric  imide  forms  de¬ 
compose  at  200-250°  with  evolution  of  hydrogen  sulfide  to  yield  alkyl  or 
aryl  cyanamides.  Salts  of  tertiary  amines  also  split  off  hydrogen  sulfide  when 
heated  with  fused  potassium  thiocyanate,  but  the  mechanism  of  the  reaction 

:So"y  d“-  It  must  be  noted  that  cyclic  nitrogen  bases,  ,n  contrast 
to  secondary  and  tertiary  amines,  react  only  faintly. 

The  fact  that  the  reaction  of  salts  of  amines  with  fused  potassium  thio- 
yanate  occurs  almost  instantaneously  and  the  hydrogen  sulfide  formed  is 

m,  yes  Frt  b  Pr°V‘dCS  ft  ^  ^  f°r  al’Pha‘-  a" 

ca^go^the  Ter1181  **  C°nTCrted  **  ^chlorides,  before 
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When  the  test  is  used,  attention  must  be  given  to  the  fact,  that  organic 
compounds  which  split  off  water  when  heated  interfere  (compare  page  63). 


Procedure.  One  drop  of  a  solution  of  the  amine  in  alcohol,  ether  or  other 
solvents,  and  one  drop  of  hydrochloric  acid  are  evaporated  to  dryness  in  a  micro 
test  tube  at  a  temperature  of  1 10°.  The  dry  residue  *  is  mixed  with  an  excess  of 
well  dried  potassium  thiocyanate  and  heated  in  an  oil  bath  to  about  200-250°. 
A  piece  of  filter  paper  moistened  with  a  drop  of  a  solution  of  lead  acetate  is  held 
over  the  open  end  of  the  test  tube.  The  presence  of  amines  is  detected  by  an  al¬ 
most  immediate  blackening  of  the  paper. 

Reagents:  1 )  Dilute  hydrochloric  acid  (1  :  10) 

2)  Potassium  thiocyanate  (pulverized  and  dried  at  110°) 

3)  10  %  solution  of  lead  acetate 


To  illustrate  the  sensitivity  of  the  test  it  may  be  mentioned  that  the  following 
amounts  of  different  amines  could  be  detected : 


15  y  ethylenediamine 
50  y  aniline 

50  y  monomethylaniline 
50  y  dimethylaniline 
50  y  nitrosodiethylaniline 


25  y  benzylamine 
15  y  benzidine 
50  y  diphenylamine 
50  y  histidine  chloride 


The  following  cyclic  nitrogen  bases  react  faintly  in  amounts  of  2000  y: 
8-hydroxyquinoline,  6-nitroquinoline,  a-naphthoquinoline. 


24.  a-Amino  Acids  ( — CH(NH,) — COOH  group) 


( 1 )  Test  by  conversion  to  aldehyde  131 

Amino  acids  are  both  deaminated  and  decarboxylated  on  treatment  with 
alkali  hypochlorite  or  hypobromite.  There  results  an  aldehyde  with  one 
carbon  atom  less  than  in  the  original  amino  acid.  For  example,  glycocoll  is 

converted  to  formaldehyde : 

CH2(NH2)COOH  +  NaOCl  HCHO  +  NH3  +  C02  +  NaCl 


The  ammonia  produced  in  this  reaction  is  oxidized  by  the  excess  hypo¬ 
chlorite  : 

2  NH3  +  3  NaOCl  N2  +  3  NaCl  +  3  H20 

and  consequently  hexamethylenetetramine  can  no  longer  be  produced  by 
reaction  of  the  ammonia  and  formaldehyde.  The  aldehyde  may  then  be 

•  In  this  respect  it  must  bn  remembered  that :  when 
hydrochloric  acid  and  the  excess  of  acid  is  cxpi  <  ■  ,  t  example  is  a  mixture  of  the 

" *  U0‘ h 

completely  volatilized. 
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identified  with  fuchsin-sulfurous  acid  (see  page  146)  if  a  great  excess  of 
reagent  is  used,  since  this  decomposes  any  unused  hypochlorite.  Fuchsin- 
sulfurous  acid  itself  gives  no  red  color  with  hypochlorite,  but  only  a  pale 
yellow  decomposition  product. 

Procedure.  A  little  of  the  test  substance  is  treated  with  a  few  drops  of 
hypochlorite  solution  in  a  microcrucible  and  warmed  gently.  When  the  reaction 
is  complete,  an  excess  of  fuchsin-sulfurous  acid  is  added  drop  by  drop.  A  red 
color  appears  if  amino  acids  are  present. 

Reagents:  1)  Sodium  hypochlorite  (saturated  solution) 

2)  Fuchsin-sulfurous  acid  (see  page  147) 


The  following  were  detected  by  applying  this  test: 


60  y  glycine, 

100  y  alanine, 

100  y  L-asparagine, 


100  y  L-asparaginic  acid, 


CH2(NH2)COOH 

CH3CH(NH2)COOH 

CH(NH2)COOH 

ch2conh2 

ch2cooh 

I 

CH(NH2)COOH 


100  y  tyrosine, 


HO 


CH2CH(NH2)COOH 


50  y  di-iodotyrosine. 


60  y  D-arginine, 


/NH2 

C=NH 

\NH(CH2)3CH(NH2)COOH 


(2)  Test  with  ninhydrin  132 

When  solutions  of  amino  acids,  protein  fission  products,  or  primary  or 

secondary  amines  are  heated  with  ninhydrin  (triketohydrindene  hydrate) 

a  deep  blue  color  develops.  The  chemistry  of  this  color  reaction  is  complicated 

by  the  occurrence  of  various  partial  reactions.  In  the  case  of  a-amino  acids 

the  initial  reaction  is  the  cleavage  of  the  amino  acid  accompanied  bv 
reduction  of  the  ninhydrin  (I):  accompanied  by 


- CO 

l/OH  /COOH 

\  .  C  +  RCH 

\/\X  x0H  \nh2 


C' 

II 

o 


co2  +  NH3  +  rc/H  + 


-CO 
I  /OH 


V\c/ 


(I) 
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The  color  was  formerly  believed  to  be  due  to  the  formation  of  (III),  a 
substituted  salt  of  diketo-hydrindylidene  diketo-hydramine,  as  the  result  of 
a  condensation  between  the  ammonia  produced,  the  excess  ninhydrin  (I), 
and  reduced  ninhydrin  (II) : 


C=N — C  H 

\/\/  W 

o  o 

(III) 


+  3  H20 


According  to  recent  investigations,133  the  color  observed  is  not  due  to  a 
single  substance,  but  to  a  number  of  colored  materials.  Some  of  these  depend 
on  the  nature  of  the  amino  acid  used,  but  the  formation  of  the  violet 
bis-l,3-diketoindenyl  (IV) 


oh  o 


was  observed  in  all  cases.  , 

Proline  and  hydroxyproline,  from  which  ammonia  is  not  produced  by  the 

reaction  with  ninhydrin,  are  exceptional  in  giving  a  reddish  compound. 
Contrary  to  an  incorrect  belief,  ninhydrin  reacts  not  only  with  a-amino  acids, 
but  also  with  6- amino  acids,  and  primary  and  secondary  aliphatic  amines 
with  formation  of  similar  colored  compounds.135  The  exact  constitution  o 
these  products  is  not  known.  Tertiary  aliphatic  amines,  as  well  as  all  groups 

of  aromatic  amines,  do  not  react  with  ninhydrin.  ,  . 

Ammonium  salts  in  concentrations  up  to  10  %  do  not  react  wrth  nmhydnn 

under  the  conditions  of  the  spot  test. 

If  ascorbic  acid  is  present,  a  reddish  brown  fleck  or  ring  apP^s(seePg 
308)  Ascorbic  acid  can  be  differentiated  from  amino  acids  by  their  diffei 

S3  rsfsssanisi  s»  - ... .«««  -  -  - 
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detected  by  the  spot  test  with  ninhydrin.  Concentrated  solutions  of  glucose 
produce  a  color  reaction  similar  to  that  given  by  ascorbic  acid. 


Procedure.  136  Two  drops  of  ninhydrin  solution  are  placed  on  filter  paper  and 
dried  in  an  oven  at  100-105°.  Two  drops  of  the  test  solution  are  put  on  the 
same  place  of  the  filter  paper,  and  then  the  paper  is  redried  for  5-10  minutes  at 
the  same  temperature.  In  the  presence  of  amino  acids  or  amines,  a  blue,  violet 
or  reddish  fleck  or  ring  is  formed.  When  only  very  small  amounts  of  amino  acids 
are  present,  a  blank  test  with  two  drops  of  distilled  water  should  be  carried  out. 

Reagents:  1)  Ninhydrin.  0.1  %  solution  in  citrate  buffer 

2)  Citrate  buffer,  pH  =  5.  Dissolve  21.01  g  of  citric  acid  in  200  ml 
of  N  sodium  hydroxide  and  dilute  with  water  to  one  liter 


If  highest  sensibility  of  the  test  is  not  required,  a  solution  of  0.1  %  ninhydrin 
in  water  can  be  used  instead  of  the  solution  in  the  citrate  buffer. 

The  limits  of  identif  cation  attained  for  different  -amino  acids  and  primary 
aliphatic  amines  are: 


0.4  y  Glycine 

H2N— CH2— COOH 

0.8  y  D-Alanine 

CH3— CH(NH2)—  COOH 

0.5  y  Serine 

HOCH2 — CH(NH2) — COOH 

0.6  y  Leucine 

(CH3)2CH — CH2 — CH(NH2) — COOH 

0.6  y  Isoleucine 

C2H5 — CH(CH3) — CH(NH2) — COOH 

1.0  y  Arginine 

H2N — C — NH — (CH2)3 — CH(NH2) — COOH 

NH 

1.2  y  Cystine 

HOOC — CH(NH2) — CH2 — S — S — CHS — CH(NHa) — i 

0.9  y  Tyrosine 

H°— <^^>— c  H2— c  H(NH2)— COOH 

10  y  Tryptophan 

1  1  |i  CH2 — CH(NH2) — COOH 

\A/ 

H 

CH=C— CH(NHf)— COOH 

2.0  y  Histidine 

N  NH 

\X 

H 

0.7  y  Valine 

(CH3)2CH — CH(NH2) — COOH 

10.0  y  Hydroxyproline 


HO— CH— CH, 

I  |  ‘ 

H2c  CH— COOH 

X>/ 

H 
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0.9  y  /3-Alanine 
0.4  y  Methylamine 
1.0  y  w-Butylamine 

1.0  y  isoButylamine 

0.5  y  Ethanolamine 
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HgN — CH, — CHa — CH(NHj) — COOH 
CHa — NH2 

CH3 — CHa — CH2 — CH, — NH4 
H3C 

^>CH— CH2— NHa 
H3C 

HO — CHa — CH2 — NH2 


4 


(3)  Test  by  reaction  with  fused  potassium  thiocyanate  136a 


On  page  205  a  test  was  described  for  the  detection  of  aliphatic  and  aromatic 
amines  by  means  of  fusions  with  potassium  thiocyanate,  whereby  easily 
detectable  hydrogen  sulfide  is  formed.  The  test  can  only  be  carried  out,  how¬ 
ever,  if  salts  of  the  respective  amines  are  present.  These  salts,  which  are 
substituted  salts  of  ammonia  initially  form  ammonium  salts  of  sulfocyanic 
acid  and,  when  heated,  yield  substituted  thioureas.  The  latter,  in  the  iso¬ 
thiourea  form,  are  decomposed  into  hydrogen  sulfide  and  substituted  cyana- 
mides.  According  to  this  scheme,  free  bases  cannot  enter  the  reaction.  In 
contrast  to  the  behavior  of  free  bases,  it  seems  that  aminocarboxylic  acids 
(aliphatic  and  aromatic)  as  well  as  aromatic  aminosulfo  acids,  react  directly, 
i.e.  without  salification  of  the  amino  group  with  potassium  thiocyanate 
under  evolution  of  hydrogen  sulfide.  The  following  explanation  of  the  reac¬ 
tion  mechanism  seems  probable:  In  the  fused  mixture,  the  amino  acids  libe¬ 
rate  thiocyanic  acid,  which  in  turn  is  added  to  the  free  amino  group.  This 
means  that  substituted  thiocyanates  are  formed  which  isomerize  to  substitut¬ 
ed  thioureas  and  isothioureas,  respectively.  In  the  case  of  aminoacetic  acid 
(glycine),  o-aminobenzoic  acid  (anthranilic  acid)  and  ^>-aminobenzenesulfonic 
acid  (sulfanilic  acid),  the  following  reactions  seem  to  occur: 


CHjCOOH 


NH, 


CHoCOOK  NHCH.COOK 

I 

4-  KCNS  — >  — >"  S C  — ► 

NHa-HCNS  NH2 

NHCHjCOOK  CH2COOK 
c SH  — >  NHCN  +  H2S 

II 

NH 

NHC8H4COOK 

I 

C,H4(COOH)NH8  +  KCNS  — ►  C,H4(COOK)NH,-HCNS  ->  SC 

NHa 


nhc6h4cook  c6h4cook 


C— SH 

II 

NH 


+  H2S 


NHCN 
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nhc6h4so3k 


C6H4(S03H)NH2  +  KCNS  ->  C6H4(S03K)NH2-HCNS  — >  sc 


nh2 


nhc6h4so3k  c6h4cook 


C— SH 


+  h2s 


NH 


NHCN 


These  reactions  do  not  occur  in  wet  way,  but  only  in  fusions  where  the 
reactivity  of  the  reaction  partners  is  greatly  enhanced. 

The  following  test  for  amino  acids  is  selective  and  can  be  carried  out  in  the 
presence  of  free  amines.  The  test  is  not  applicable  in  the  presence  of  organic 
compounds  which  split  off  water  at  the  temperature  of  the  fusion,  because 
superheated  water  reacts  with  potassium  thyocyanate  with  evolution  of  hy¬ 
drogen  sulfide  (Compare  page  63). 

Procedure.  In  a  micro  test  tube  one  drop  of  the  test  solution  is  evaporated  to 
dryness  and  held  for  a  short  time  at  a  temperature  of  110°.  An  excess  of  well- 
dried  potassium  sulfocyanate  is  added  and  the  mixture  heated  in  an  oil  bath  to  a 
temperature  of  about  200-250°.  A  filter  paper  moistened  with  a  10  %  solution  of 
lead  acetate  is  placed  at  the  open  end  of  the  micro  test  tube.  In  the  presence  of 
ammo  acids  a  black  coloration  can  be  observed  on  the  paper.  If  alkaline  solutions 
of  ammo  acids  are  to  be  tested  (in  case  of  previous  extraction  of  the  bases  with 
ether  or  chloroform)  a  drop  of  the  solution  is  evaporated  together  with  one  drop 
of  dilute  hydrochloric  acid,  and  the  dried  (110°)  residue  treated  as  described. 

Reagents.  1)  Potassium  thiocyanate  (finely  powdered  and  dried  at  110°) 

2)  10  %  solution  of  lead  acetate 

3)  Dilute  hydrochloric  acid  (1:1) 

The  following  amounts  of  amino  acids  were  detected: 


15  y  glycine  (aminoacetic  acid) 
50  y  acetylglycine  (aceturic  acid) 
25  y  anthranilic  acid 
50  y  sulfanilic  acid 


give  a  positive  response. 
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25.  Hydrazines 

(a)  Aliphatic  and  Aromatic  Hydrazines  (^>N — NH2  group) 

(1)  Test  with  sodium  pentacyanoammineferroate  137 

Hydrazines  containing  a  free  NH2-group  react  similarly  to  nitroso  com¬ 
pounds  (see  page  121)  and  a,  /3-unsaturated  and  aromatic  aldehydes  (see 
page  156)  on  treatment  with  a  solution  of  the  light  yellow  sodium  pen¬ 
tacyanoammineferroate  Na3[Fe(CN)5NH3].  Deeply  colored  soluble  com¬ 
pounds  are  formed,  probably  by  the  replacement  of  the  NH3  molecule  in 
the  prussiate  by  a  molecule  of  the  hydrazine;  for  instance: 

Na3[Fe(CN)5NH3]  +  NH2NHR  -*  NH3  +  Na3[Fe(CN)6NH2N H R] 

Procedure.  Several  drops  of  sodium  pentacyanoammineferroate  solution 
are  added  to  one  drop  of  a  neutral  aqueous  or  alkaline  solution  of  the  test  sub¬ 
stance  in  a  microcrucible.  In  a  short  while,  the  mixture  turns  deep  red  to  violet. 
A  few  materials  turn  yellow  when  the  solution  is  made  alkaline. 

Reagents:  1)  I  %  solution  of  sodium  pentacyanoammineferroate  138 
2)  2  N  sodium  hydroxide 

The  limits  of  identification  attained  for  various  hydrazines  are  stated  in  Table  30. 

(2)  Test  by  formation  of  colored  hydrazones  with  aldehydic  azo  dyestuffs  139 

Certain  water-soluble  azo  dyes,  formed  by  coupling  diazotized  p- amino- 
benzaldehyde  with  naphthol  or  aminonaphthol  sulfonic  acids,140  by  virtue 
of  their  free  aldehyde  group,  can  be  condensed  to  hydrazones  with  acyl-  and 
aryl  hydrazines  in  weak  acetic  acid  solution.  The  color  is  thus  deepened  or 
changed.  For  example,  the  azo  dye  (I),  produced  by  coupling  diazotized 
^-aminobenzaldehyde  and  crocein  acid  (2-hydroxynaphthalene-8-sulfonic 
acid),  is  yellow  in  aqueous  solution.  The  addition  of  acyl-  or  aryl  hydrazines 
to  this  solution  produces  a  characteristic  color  change  due  to  the  formation 
of  the  respective  hydrazone.  For  example,  with  phenylhydrazine,  the  pro¬ 
duct  is  the  violet  hydrazone  (II) : 
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Table  30.  Hydrazines 


Name 

Formula 

Limit 
of  iden¬ 
tifica¬ 
tion  in  y 

Color 

(neutral) 

Phenylhydrazine 

C6H5NHNH2 

0.5 

Red 

Methylphenyl- 

hydrazine 

(C6H5)(CH3)NNH2 

3 

Blood  red 

Diphenyl- 

hydrazine 

(C6H5)2NNH2 

7 

Violet 

o-Nitrophenyl- 

hydrazine 

i 

1 

Dark 

brown- 

red 

w-Nitrophenyl- 

hydrazine 

C6N4(N02)NHNH2 

0.4 

Cherry-red 

^-Nitrophenyl- 

hydrazine 

) 

0.5 

Blue-violet 

8-Hydroxy- 
naphthyl- 
hydrazine-3,6- 
disulfonic  acid 

C10H4(OH)(SO3H)2NHNH2 

3 

Dark 

violet 

Semicarbazide 

OC(NH2)NHNH2 

0.3 

Cherry-red 

asym.  Diethyl 
hydrazine 

Benzoyl- 

hydrazide 

(C2Hs)2NNH2 

c6h5conhnh2 

0.6 

0.12 

Dark 

cherry 

Deep 

violet 

Color 

(alkaline) 


Red 

Dark  blood 
red 

Brick-red 

Light 

yellow 

Brown- 

yellow 

Brown- 

yellow 

Light  red- 
yellow 


Dark 

yellow 

Golden 

Straw 

yellow 


Procedure.  A  drop  of  a  solution  of  the  dyestuff  in  dilute  acetic  acid  is  mixed 

ho  ic  :et°P,°  10  %  S°d‘Um  “  SOlUti0"  a"d  a  dr°P  of  «*»«»  «  alco- 
c  test  solution  is  added.  When  large  amounts  of  a  hydrazine  are  present  the 

mi  inStantaMOUS:  amounts  cause  the  change  witMn 

lo  minutes.  A  blank  test  is  advisable. 

i^TrfT  °i‘,he  reagent:  P-Amino  benzaldehyde  hydrochloride  is  suspended 

n.tt :  ah^:cNNnaf  r 1  diazotized  with  the 

tTe  au  vaknt  amo  t  r°  m°'e  The  diaz°"ium  solut'°"  »  Poured  into 

keep.  Cld-  The  solutlon  of  the  dyestuff  will 
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Name 

Formula 

Limit  of 
identifica¬ 
tion  in  y 

Color  change 

Phenylhydrazine 

C6H5NHNH2 

1 

Yellow- violet 

asym.  Methylphenylhy- 
drazine 

C6H5N(CH3)NH2 

2 

Yellow- 

brown-red 

asym.  Diphenylhydrazine 

(C6H6)2NNH2 

1 

Yellow- red 
brown 

o-Nitrophenylhydrazine 

(  C6H4(N02)NHNH2 

1 

Yellow- 

brown-red 

w-Nitrophenylhydrazine 

1 

Yellow- violet 

Semicar  bazide 

OC(NH2)NHNH2 

1 

Yellow- 

brown-red 

Benzoyl  hydrazide 

c6h5conhnh2 

5 

Yellow-orange 

(b)  Arylhydrazines  (Ar — NH — NH.,  groups) 

( 1 )  Test  with  selenious  acid  and  a.-naphthylamine  141 

Arylhydrazines  are  oxidized  by  selenious  acid  to  diazonium  salts,  which 
can  be  coupled  with  aromatic  amines  (a-naphthylamine  is  the  most  suitable) 
to  form  bright  red  to  red-violet  azo  dyestuffs.112  Small  amounts  of  aryl¬ 
hydrazines  (and  also  arylhydrazones  and  osazones)  may  be  detected  by 
applying  this  reaction.  The  following  equations  show  the  reactions  in  the 
test  for  phenylhydrazine  in  hydrochloric  acid  solution;  the  other  aryl¬ 
hydrazines  react  similarly: 

z7  \  NHNH2-HC1  +  Se02  — >  y7  N=NC1=  +  Sc  +  2  HaO  {!) 


Procedure.  A  drop  of  the  test  solution  is  mixed  with  a  drop  of  dilute  hydro¬ 
chloric  acid,  either  in  a  microcrucible  or  on  a  spot  plate,  and  a  small  amount  of 
selenious  acid  is  added.  When  large  amounts  of  arylhydraz.no  are  solved  the 
mixture  is  allowed  to  stand  1  or  2  minutes  to  permit  the  red I  selenium  ^separate. 
A  drop  of  an  acetic  acid  solution  of  ,-napthylamme  is  added  and  a Jew  cryst 
of  sodium  acetate.  When  primary  arylhydrazines  are  preamt,  red  t 
formed  The  color  can  be  intensified  by  the  addition  of  a  drop  of  hydrochloric  ac  . 
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Reagents:  1)  Dilute  hydrochloric  acid 

2)  Selenious  acid  (solid) 

3)  Sodium  acetate  (solid) 

4)  a-Naphthylamine  solution:  0.3  g  oc-naphthylamine  is  dissolved 
by  boiling  in  70  ml  water  and  30  ml  glacial  acetic  acid.  After 
cooling,  the  solution  is  filtered  from  any  dark  residue.  The  solu¬ 
tion  should  be  kept  in  the  dark. 

The  limits  of  identification  for  some  of  the  arylhydrazines  are  given  in 
Table  32. 


Table  32.  Hydrazines,  Hydrazones,  Osazones 


Color 

Limit  of 
identifi- 

Name 

Formula 

cation 

in  y 

Phenylhydrazine 

c6h5— nhnh2 

Red- 

violet 

0.04 

m-  and  />-Nitro- 

c6h4(no2)— nhnh2 

Red- 

0.06 

phenylhydrazine 

violet 

^-Bromophenylhy- 

C6H4Br — NHNH2 

Violet 

0.  08 

drazine 

Tribromophenylhy- 

C6H2Br3 — NHNH2 

Red 

1  hot 

drazine 

10  cold 

Naphthylhydrazine 

c10h7— nhnh2 

Violet 

0.03 

Levulinic  acid 

HOOC — (CH2)  2— C(CH3)  -  nnhc6h5 

Red- 

0.1 

phenylhydrazone 

violet 

» 

Propionaldehyde 

hc3ch2ch = nnhc6h5 

Red- 

0.09 

phenylhydrazone 

violet 

Glucuronic  acid 

HOOC — (CHOH)4 — CH  =  NNHC6H5 

Red- 

0.7 

phenylhydrazone 

violet 

Cinnamoyl  formic 

C6H5— CH  =  CH— C  =  NNHCgH, 

Red- 

2 

acid  phenylhy- 

violet 

drazone 

COOH 

a-Pyridylbenzoyl- 

C5H4N— C(C6H5)  =  nnhc6h5 

Rod- 

0.1 

phenylhydrazone 

violet 

Glucosazone 

oh  HC  =  NNHC6H5 

Red- 

0.1 

H2C  (CHOH)4 — C  =  NNHC„H. 

violet 

Dihydroxytartaric 
acid  osazone 

HOOC— C  =  NNHCf  H, 

1 

HOOC— C=NNHC,HS 

Red- 

violet 

0.7 
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{2)  Test  for  arylhydrazones  and  osazones 

The  foregoing  test  for  arylhydrazines,  by  oxidation  with  selenious  acid 
to  the  diazonium  salt  and  coupling  with  a-naphthylamine,  can  also  be 
applied  to  the  detection  of  arylhydrazones  and  osazones.  These  compounds 
are  saponified  by  boiling  with  concentrated  hydrochloric  acid  and  split  off 
the  arylhydrazine  hydrochloride,  which  is  stable  against  boiling.  The  test  is 
then  carried  out  as  described  for  free  arylhydrazines  or  their  salts  with 
mineral  acids. 

Procedure.  A  drop  of  the  test  solution  or,  better,  a  crystal  of  the  solid,  is 
evaporated  nearly  to  dryness  in  a  microcrucible  with  a  few  drops  of  concentrated 
hydrochloric  acid.  A  small  grain  of  selenious  acid  is  added.  After  1  or  2  minutes, 
a  drop  of  the  a-naphthylamine  solution  and  a  few  crystals  sodium  acetate  are 
added.  When  the  color  of  the  dye  appears,  it  may  be  intensified  by  adding  a  few 
drops  of  hydrochloric  acid.  A  red  to  violet  azo  dye  indicates  that  arylhydrazones 
or  osazones  are  present. 

The  limits  of  identification  for  some  hydrazones  and  osazones  are  given 
in  Table  32. 

26.  Hydrazides  of  Carboxylic  Acids  ( — CO — NH — NH, -group) 

(1)  Test  by  formation  of  salicylaldazine  143 

When  the  hydrazides  of  carboxylic  acids  are  digested  with  warm  concen¬ 
trated  hydrochloric  acid,  they  are  split  with  production  of  anions  of  the 
particular  carboxylic  acids  and  hydrazinium  ions.  However,  the  reaction  is 
slow.  In  contrast,  the  cleavage  is  rapid  and  practically  complete  if  these 
materials  are  warmed  with  dilute  alkali  hydroxide: 

R— CO— NH— NH2  +  H20  RCOO"  +  NH2— NHS+  (1) 

In  weak  acid  aqueous  solution,  hydrazine  (or  hydrazinium  ion)  condenses 
rapidly  and  quantitatively  with  salicylaldehyde  to  produce  light  yellow, 
insoluble  salicylaldazine : 


Solid  salicylaldazine  (disalicylhydrazine)  fluoresces  orange-yellow  in  ultra¬ 
violet  light.  Other  o-hydroxyaldehydes  also  react  with  hydrazine  to  produce 
aldazines  which,  for  the  most  part,  fluoresce  orange-yellow.  1  ests  for  sa  icy - 
aldehyde  (page  269)  and  o-hydroxy  aldehydes  (page  158)  are  based 
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formation  of  fluorescing  aldazines,  and  analogously,  a  specific  and  very 
sensitive  test  for  hydrazine  has  been  developed.144 

The  formation  of  salicylaldazine  according  to  (1)  and  (2)  is  best  achieved 
by  warming  the  particular  acid  hydrazide  with  an  alkaline  solution  of  salicyl- 
aldehyde  and  then  acidifying  with  acetic  acid.  In  this  way,  it  is  possible  to 
detect  acid  hydrazides  which  have  a  free  terminal  NH2-group.  The  test  is 
reliable  provided  the  sample  is  free  of  hydrazine  itself  or  of  hydrazones  of 
ketones  and  aldehydes  which  yield  hydrazine  or  hydrazinium  ions  on 
warming  with  alkali  hydroxide. 

Procedure.  A  drop  of  the  test  solution  or  small  quantity  of  the  solid  is  mixed 
in  a  micro  test  tube  with  a  drop  of  saturated  aqueous  salicylaldehyde  solution 
and  a  drop  of  dilute  alkali  hydroxide.  The  mixture  is  warmed  in  the  water  bath 
for  5-20  minutes,  cooled,  and  then  treated  with  a  drop  of  acetic  acid.  The  solu¬ 
tion  is  poured  on  filter  paper  (S  &  S  589)  and  after  1-2  minutes  the  paper  is 
examined  under  ultraviolet  light.  An  orange-yellow  to  yellow-green  fluorescence 
indicates  the  presence  of  an  acid  hydrazide.  The  fluorescent  fleck  persists  when 
the  paper  is  bathed  in  6  N  acetic  acid.  When  small  amounts  of  hydrazide  are 
suspected,  it  is  advisable  to  run  a  blank  test. 

Reagents:  1)  IN  Sodium  hydroxide 

2)  Saturated  aqueous  solution  of  salicylaldehyde 

3)  3  N  Acetic  acid 

The  following  were  detected  by  the  procedure  just  described: 

2.5  y  semicarbazide 

1  y  benzoic  acid  hydrazide 

1  y  ^-nitrobenzoic  acid  hydrazide 

5  y  salicylic  acid  hydrazide 

0.5  y  o-pyridine  carboxylic  acid  hydrazide  (Picolinic  acid  hydrazide) 

0.5  y  m-pyridine  carboxylic  acid  hydrazide  (Nicotinic  acid  hydrazide) 

015  V  ^-pyridine  carboxylic  acid  hydrazide  (Isonicotinic  acid  hydrazide) 
015  y  oxalyldihydrazide 


(2)  Test  through  condensation  with  salicylaldehyde  1440 
Like  hydrazine  and  its  derivatives  with  a  free  NH2-group,  the  hydrazides 

°  /nda  Sm“  !h6y  P°SSeSS  the  grouP  -CO-NH-NH,,  can  condense  with 
aldehydes  and  ketones  with  loss  of  water.  For  example,  with  salicylaldehyde 
the  general  reaction  is:  y 


R— co— nh— nh2  + 


The  resulting  hydrazones,  which 
yellow  fluorescing  water-insoluble 


structurally  are  similar  to  the  orange- 
salicylaldazine  (compare  Test  1),  likewise 
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are  not  soluble  in  water  and  they  fluoresce  strongly  (yellow-green  to  blue- 
green)  in  ultraviolet  light.  Because  of  the  phenolic  OH-group,  the  conden¬ 
sation  products  of  (i)  dissolve  in  ammonia,  as  do  salicylaldehyde  and  salicyl- 
aldazine,  and  give  yellow  solutions.  The  behavior  of  the  condensation  pro¬ 
ducts  toward  dilute  acids  (in  which  salicylaldazine  is  not  soluble)  seems  to 
depend  on  the  nature  of  the  radical  R.  Some  hydrazones  dissolve  in  dilute 
acids  to  only  a  slight  extent  or  not  at  all  (e.g.  the  product  formed  by  salicyl- 
hydrazide);  others  are  dissolved  by  acids  without  decomposition  (e.g.  the 
products  formed  by  the  three  isomeric  pyridine  carboxylic  acid  hydrazides), 
whereas,  some  are  decomposed  by  acids  (e.g.  the  condensation  product  of 
benzoic  hydrazide  with  salicylaldehyde).  The  realization  of  (7)  and  the 
action  of  acids  on  the  hydrazones  formed  in  this  reaction  provide,  of  course, 
the  possibility  of  a  splitting-off  of  hydrazine,  which  condenses  with  salicyl¬ 
aldehyde  to  produce  the  acid-stable  salicylaldazine,  which  fluoresces  orange- 
yellow. 

A  neutral  or  weakly  ammoniacal  milieu  is  required  to  make  the  direct 
condensation  with  salicylaldehyde  into  a  general  test  for  acid  hydrazides. 
Since,  however,  ammoniacal  solutions  of  salicylaldehyde  have  a  yellow-green 
fluorescence,  it  is  impossible  to  detect  directly  the  production  of  small 
quantities  of  ammonia-soluble  condensation  products  which  exhibit  blue- 
green  or  yellow-green  fluorescence.  This  impairment  of  the  test  is  eliminated 
if  a  drop  of  the  mixture  of  acid  hydrazide  and  salicylaldehyde  is  treated 
with  a  little  ammonia  and  then  brought  on  filter  paper.  Under  these  condi¬ 
tions,  the  fluorescence  due  to  the  ammoniacal  salicylaldehyde  disappears 
within  a  few  minutes,  while  the  fluorescence  of  the  condensation  product  of 
salicylaldehyde  with  the  acid  hydrazide  persists.  The  intensity  of  this  latter 
fluorescence  gradually  decreases  and  it  completely  disappears  when  small 
quantities  are  involved,  but  it  is  immediately  restored  if  the  fleck  is  held 
over  ammonia.  This  is  an  instance  of  an  effect  sometimes  encountered  in 
spot  testing,  namely  that  a  spot  reaction  on  paper  is  particularly  sensitive 
and  reliable  and  that  the  paper  thus  functions  as  if  it  were  as  an  active  par¬ 
ticipant  in  the  reaction.  In  the  present  case,  the  course  of  events  is,  that 
ammoniacal  solutions  of  salicylaldehyde  are  brought  on  paper,  through  loss 
of  ammonia  and  hydrolytic  cleavage  of  the  ammonium  phenolate  they  leave 
salicylaldehyde  behind,  which  then  either  volatilizes  from  the  surface  of  the 
paper  or,  because  of  the  high  state  of  division,  is  oxidized  rapidly  by  the  air 
to  salicylic  acid.  This  reasoning  is  supported  by  the  fact  that  a  drop  of  a 
saturated  aqueous  solution  of  salicylaldehyde  when  placed  on  filter  paper  and 
treated  with  ammonia  immediately  yield  a  yellow-green  fluorescent  fleck, 
which  disappears  rapidly.  If  3-4  minutes  elapse  before  the  ammonia 
brought  into  play,  no  fluorescence  develops. 


is 
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Procedure.  One  drop  of  the  acid  or  neutral  test  solution  is  mixed  with  a  drop 
of  an  acid  aqueous  solution  of  salicylaldehyde  and  transferred  to  a  filter  paper. 
After  3-5  minutes,  the  paper  is  held  over  ammonia  and  the  fleck  is  examined  at 
once  under  ultraviolet  light.  A  fleck  which  fluoresces  blue-green  or  yellow-green 
indicates  the  presence  of  an  acid  hydrazide.  The  fluorescence  disappears  after 
several  minutes,  but  it  can  be  regenerated  by  a  new  exposure  to  ammonia.  It  is 
well  to  conduct  a  blank  test  in  all  cases. 

Reagents:  1)  9  ml  of  saturated  aqueous  solution  of  salicylaldehyde,  is 
acidified  just  before  using  with  1  ml  glacial  acetic  acid 
2)  Ammonia 

The  procedure  just  described  gave  a  positive  response  with: 

1  y  semicarbazide 

1  y  benzoic  acid  hydrazide 

0.5  y  salicylic  acid  hydrazide 

2  y  o-pyridine  carboxylic  acid  hydrazide  (picolinic  acid  hydrazide) 

1  y  w-pyridine  carboxylic  acid  hydrazide  (nicotinic  acid  hydrazide) 

2  y  ^-pyridine  carboxylic  acid  hydrazide  (isonicotinic  acid  hydrazide) 

0.5  y  oxalyldihydrazide 

The  cyclic  3-aminonaphthalic  acid  hydrazide  shows  no  reaction.  />-Nitro- 
benzoic  acid  hydrazide  gives  no  response;  this  result  is  probably  due  to  a 
quenching  effect  of  the  N02-group. 


(3)  Test  with  p-dimethylaminobenzaldehyde 

When  the  hydrazide  of  a  carboxylic  acid  is  saponified  with  alkali  hydroxide 
(compare  Test  1),  and  the  reaction  mixture  then  acidified  with  acetic  acid, 
the  resulting  hydrazine  can  be  detected  by  adding  an  excess  of  />-dimethyl- 
aminobenzaldehyde.  An  orange  to  yellow  color  appears,  according  to  the 
quantity  of  hydrazine  present.145  The  same  reaction  also  occurs  if  a  neutral 
or  weakly  acid  solution  of  the  hydrazide  is  warmed  directly  with  an  acid 
solution  of  the  aldehyde.  Obviously,  the  hydrazide  is  partially  saponified 
by  acids,  and  the  hydrazine  is  constantly  removed  from  the  rapidly  estab¬ 
lished  hydrolysis  equilibrium  by  reaction  with  the  aldehyde.  The  color 
reaction  involves  a  condensation  of  aldehyde  and  hydrazine  analogous  to 
that  m  Test  1,  but  differs  from  the  latter  in  that  the  aldazine  (II)  formed 

in  (7)  dissolves  at  once  in  acids  with  production  of  the  quinoidal  cation  (III) 
as  shown  in  (2) :  v  ' 


NH, 


NH, 


+  2°CH-(  >-N(CH3)2 


(I) 
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I  he  formation  of  (III)  can  be  detected  with  high  sensitivity  if  a  drop  of 
the  orange  to  yellow  solution,  which  displays  no  fluorescence,  is  placed  on 
filter  paper.  A  red  to  pink  fleck  remains  and  it  fluoresces  with  an  intense  red 
to  salmon  hue  in  ultraviolet  light.148  This  effect  involves  the  formation  of  a 
fluorescing  adsorbate  of  (III)  with  the  acidic  constituents  of  the  paper 
whereby,  in  accord  with  the  constitution  of  (III),  consideration  must  be 
given  to  both  an  exchange-  as  well  as  an  addition  adsorption.147  The  red  to 
salmon  fleck  takes  on  a  blue-green  hue  when  treated  with  ammonia;  the  red 
fluorescence  is  restored  by  action  of  acids.  These  changes  of  the  fluorescence 
color  patently  arise  from  a  transition  of  adsorbed  (III)  into  adsorbed 
aldazine  (II)  and  vice  versa. 

Aromatic  amines  condense  with  />-dimethylaminobenzaldehyde  to  form 
Schiff’s  bases,  which  are  yellow  to  orange  in  acid  solution.  Highly  con¬ 
centrated  solutions  of  Schiff’s  bases  leave  green  fluorescent  flecks  on  filter 
paper.  These  flecks  disappear  when  bathed  in  ammoniacal  alcohol  and  do 
not  return  on  acidification.  Since  the  blue-green  fluorescing  flecks  of  the 
Schiff’s  base  (II)  remain  on  filter  paper  and  the  red  fluorescence  returns  when 
spotted  with  acid,  it  is  possible  to  detect  acid  hydrazides  even  in  the  pres¬ 
ence  of  salts  of  aromatic  amines. 

It  should  be  noted  that  the  following  test  requires  an  excess  of  />-dimethyl- 
aminobenzaldehyde.  The  quantity  of  reagent  prescribed  provides  sufficient 
excess  for  testing  solutions  containing  not  more  than  1  per  cent  hydrazide. 
If  greater  concentrations  are  at  hand,  the  aldehyde  then  condenses  with  the 
unsaponified  acid  hydrazide  at  its  free  NH2-group  analogous  to  the  action 
in  Test  2.  This  condensation  yields  a  yellow  fluorescing  product. 


Procedure.146  A  drop  of  the  test  solution  is  treated  in  a  micro  test  tube  with  a 
drop  of  the  acid  solution  of  the  aldehyde  and  the  mixture  is  warmed  in  the  water 
bath  for  5-10  minutes.  A  drop  of  water  is  added  to  the  cold  solution  and  a  drop 
of  the  latter  is  then  placed  on  filter  paper.  The  paper  is  bathed  in  dilute  hydro¬ 
chloric  acid  and  viewed  in  ultraviolet  light.  A  red  to  salmon  fluorescence  indicates 
the  presence  of  an  acid  hydrazide.  When  bathed  in  ammonia,  the  fleck  turns 
blue-green.  A  blank  test  is  advisable  when  very  small  quantities  of  hydrazide 

are  involved. 

Reagents :  1)  p- Dimethylaminobenzaldehyde  solution :  0.4  g  of  the  aldehyde 

is  dissolved  in  20  ml  alcohol  and  the  solution  acidified  by 
adding  2  ml  concentrated  hydrochloric  acid 
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2)  Hydrochloric  acid,  (1  :  250) 

3)  Ammonia  (1  :  10) 


The  foregoing  procedure  revealed: 

0.5  y  semicarbazide 

0.05  y  benzoic  acid  hydrazide 

0.1  y  ^-nitrobenzoic  acid  hydrazide 

0.25  y  o-pyridine  carboxylic  acid  hydrazide  (picolinic  acid  hydrazide) 

0.1  y  m-pyridine  carboxylic  acid  hydrazide  (nicotinic  acid  hydrazide) 
0.05  y  />-pyridine  carboxylic  acid  hydrazide  (isonicotinic  acid  hydrazide) 
The  cyclic  3-aminophthalic  acid  hydrazide  (“luminol”)  shows  no  reaction. 


27.  Reactive  ">CH2  and  — NH2  groups 


( 1 )  Test  with  sodium  1 ,2-naphthaquinone-4-sulfonate  148 

l,2-naphthaquinone-4-sulfonic  acid  reacts  in  alkaline  solution  with  com¬ 
pounds  which  contain  two  removable  hydrogen  atoms  attached  to  one  carbon 
or  nitrogen  atom.  Deeply  colored  paraquinonoid  condensation  products 
result.  In  the  case  of  aniline,  the  reaction  can  be  represented . 


o 


O- 


-SOjNa  +  HjN 


+  2  NaOH  — > 


ONa 


Paraquinoid  compounds  of  the  general  structure 

ONa 


are  produced  in  the  case  of  an  active  H2C<^  group. 


group. 
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Procedure.  119  A  little  of  the  solid  or  a  drop  of  its  solution  is  placed  in  a 
microcrucible  along  with  two  drops  of  the  naphthaquinone  sulfonate  solution, 
and  the  mixture  is  made  alkaline  with  two  drops  of  sodium  hydroxide.  The  color 
changes  on  acidifying  with  acetic  acid;  sometimes  a  precipitate  appears. 

Reagents:  1)  Saturated  solution  of  sodium  l,2-naphthaquinone-4-sulfonate 
in  50  %  alcohol 

2)  0.5iV  sodium  hydroxide 

3)  2  N  acetic  acid 

The  limits  of  identification  attained  with  various  compounds  are  given 
in  Table  33. 


Table  33.  Reactive  CH2  and  NH2  Groups 


Limit 

of  irien- 

Color 

Remarks 

Name 

Formula 

tifica- 
tion,  y 

In  alkaline 
solution 

In  acetic 
acid  solution 

Malonic 

ester 

CH2(COOC2H5)2 

1.2 

Dark 

violet 

Yellow  pre¬ 
cipitate 

Rho- 

danine 

HN - CO 

1  1 

SC  CHj 

V 

0.6 

Dark  blue- 

violet 

Red- 

yellow- 

precip- 

itate 

Ethyl  ace- 
toace- 

tate 

CH3COCH2COOC2H5 

1.2 

Blood  red- 
violet 

Yellow 

precip¬ 

itate 

Reaction 
very  slow ; 
enolic 
form 

Thiocya- 

noacetic 

acid 

(CNS)CH2COOH 

0.6 

Red- 

brown 

Orange 

Dibenzoyl- 

methane 

c6h5coch2coc6h5 

12 

Red- 

violet 

White- 

yellow 

precip¬ 

itate 

Allow  to 
stand 

some 

time 

m-Nitro- 

aniline 

c6h4(no2)nh2 

6 

Yellow- 

brown 

Red  pre¬ 
cipitate 

Allow  to 
stand 

Benzyl- 

amine 

c6h5ch2nh2 

0.6 

Green 

Brownish 

red 

(continued) 
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- 

Limit 
of iden 
tifica- 
tion,  y 

Color 

Remarks 

Name 

Formula 

In  alkaline 
solution 

In  acetic 
acid  solution 

Semicarb- 

azide 

OC(NH2)NHNH2 

0.6 

Orange- 

red 

Light 

yellow 

Aniline 

c6h5nh2 

0.12 

Brick  red 

Bright 

orange- 

red 

/?-Naph- 

thoqui- 

noline 

iodo- 

methyl- 

ate 

1.2 

Dark 

violet 

Yellow- 

brown 

precip¬ 

itate 

/3-Naph- 

thyl- 

amine 

c 

'-'lO 

h7nh2 

0.6 

Yellow-red 
to  red- 
brown 

Red  pre¬ 
cipitate 

Indole 

/\ 

\A/ 

N 

ch2  ^ 

CH  ^ 

//^Nj - CH 

0.6 

Emerald 

green 

Violet  at 
first, 
then  col¬ 
orless  to 
gray 

\A/ch 

NH 

Piperidine 

/CH2  CHj\ 
h2c  NH 

\ch2-ch2/ 

0.6 

Scarlet 

Light  red 
precip¬ 
itate 

Reaction 
without 
addition 
of  alkali 

Pyrrole 

HC - CH  HC CH 

HC  CH±^HC  CH, 

^  V 

0.6 

Deep 

violet 

Dark  olive 
green 

Very  in¬ 
tense 

color 
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28.  Tertiary  Ring  Bases 

(1)  Test  with  methyl  iodide  and  sodium  1 ,2-naphthaguinone-4-sulfonate  160 

As  stated  on  page  221,  compounds  which  contain  two  removable  hydrogen 
atoms  bound  to  one  nitrogen  atom  react  with  naphthaquinone  sulfonic  acid 
in  alkaline  solution  to  form  water-soluble  colored  quinoid  compounds.  The 
methyl  or  ethyl  groups,  which  in  CH3I  or  C2H5I  do  not  react  with  this 
reagent,  may  be  activated  by  attaching  the  alkyl  halide  molecule  to  a  ter¬ 
tiary  ring  base  or  to  an  oxonium  compound.  The  resulting  quaternary  com¬ 
pound  reacts  immediately  with  the  reagent  to  give  colored  (red,  red-violet, 
green)  products.  Since  the  color  reaction  is  quite  distinct,  the  formation 
of  quaternary  compounds  and  their  reaction  with  naphthaquinone  sulfonic 
acid  can  be  used  as  a  test  for  cyclic  tertiary  ring  bases  and  for  oxonium 
compounds.  The  compound  being  tested  must  not  contain  CH,  or  NH, 
groups  since  these  groups  react  with  the  l,2-naphthaquinone-4-sulfonate. 

The  underlying  reactions  of  the  test  can  be  represented:* 


Similar  equations  can  be  written  for  other  alkylation  agents,  such  as  dimethyl 
sulfate,  ethyl  bromide,  ethyl  iodide,  and  ^-bromotoluene  sulfonic  acid 
methyl  ester.  The  formation  of  the  quaternary  compound  proceeds  best 
with  methyl  iodide  or  dimethyl  sulfate. 


Procedure.  A  little  of  the  test  substance  (either  the  solid  or  a  drop  of  solu¬ 
tion)  is  mixed  in  a  tall  microcrucible  with  5  or  6  drops  of  methyl  iodide  or  dime¬ 
thyl  sulfate,  and  heated  to  gentle  boiling  on  an  asbestos  plate.  Substances  har 
to  convert  to  quaternary  compounds  should  be  heated  for  some  hours  with  me- 
thyUodide  ini  closed  clpi.lary  tube  in  a  water  bath  at  100”  C.  The  quaternary 
compound  is  treated  with  2  or  3  drops  of  a  saturated  solution  of  sodium  nap  - 
thaquinone  sulfonate,  and  the  mixture  made  alkaline  with  sodium  hydro*'^ 
The  appearance  of  a  color  or  a  change  of  color  indicates  that  the  test «  POsit.«^0 
acidifying  with  acetic  acid  there  is  a  change  of  color,  as  in  the  Ehrhch-Herter 

reaction  (see  page  221). 

.  The  course  of  the  reaction  as  shown  in  (1)  and  (2)  is  very  j^baMe.  but  has  not  yet  been 

bases'with  aldehydes:  her.,  66 ,1933, 604, 1336. 
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Reagents:  1)  Methyl  iodide  or  dimethyl  sulfate 

2)  Saturated  aqueous  solution  of  sodium,  1,2-naphthaquinone- 
4-sulfonate 

5)  0.5  N  sodium  hydroxide 
4)  1  N  acetic  acid 

The  limits  of  identification  attainable  by  this  method  are  given  in  Table  34. 

Table  34.  Tertiary  Ring  Bases 


Name  and  formula 


Methylating 

agent 

Color 

With  NaOH 

With  CH3COOH 

ch3i 

Red  to  red- 

Orange- 

(ch3)2so4 

violet 

yellow 

C2H5Br 

ch3i 

Dark  blue- 

Light  yellow 

(ch3)2so4 

violet 

C2H5Br 

CH3I 

Dark  brown- 

Pink 

(CH3)2S04 

green  to 

C2H5Br 

black-green 

ch3i 

Dark  blue- 

Pale  greenish 

(CH3)2S04 

violet  to 

yellow 

ch3i 

blue-green 

Black-green 

Pink  stria- 

ch3i 

Brown-vio- 

tions  then 
green  pre¬ 
cipitate 

Red  color 

(ch3)2so4 

let,  after 

then  dark 

C2H5Br 

short 

red  pre- 

standing 

cipitate 

ch3i 

green-black 

Dark  olive 

Peach-red 

ch3i 

green  to 
green-black 
Cherry-red 

Yellow 

heated  for 
some  hours 
in  a  sealed 
tube 

Limit 
of  iden¬ 
tifica¬ 
tion 


Pyridine 

c6h5n 


a-Picoline 

C5H4NCH3 


Quinoline 

c9h7n 

Quinaldine 

C9H6NCH3 

2,6-Dihydroxypyridine-4- 
carboxylic  acid 
C5H2N(OH)2COOH  (2,  6,  4) 

Dlmethylpyrone 
C5H202(CH3)2  (2,  6) 


Chelidonic  acid 
C5H202(0H)2C00H  (2,  6,  4) 

Cinchonine 

c19h22on2 
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12  y 


25  y 


25  y 


25  y 


100  y 


15 
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29.  Allyl  Compounds  — CH=C^  group) 

( 1 )  Test  with  phloroglucinol-hydrochloric  acid  151 

Many  vegetable  ethereal  oils  (lavender,  clove,  orange  blossom,  etc.)  give 
an  intense  red  color  when  treated  with  an  alcohol-hydrochloric  acid  solution 
of  phloroglucinol  (1,3,5-trihydroxybenzene).  Since  these  oils  contain  allyl 
compounds,  and  since  diallyl  sulfide  shows  the  same  color  reaction,  it  may 
be  assumed  that  the  presence  of  the  allyl  group,  — CH, — CH=CH2,  is 
required  for  this  response.  Interestingly,  cinnamaldehyde  (I)  and  also  the 
unsaturated  alcohol  geraniol  (II)  give  the  color  reaction,  whereas,  in  contrast 
to  safrole  (III),  the  isomeric  isosafrole  (Ilia)  with  the  propenyl  group 
( — CH  =  CH — CH3),  and  neurin  (IV)  with  the  vinyl  group  ( — CH=CH,)  do 
not  show  this  reaction. 


OCH-CH=C 

\c6H5 

(I) 


/CH3 

H,C — C — C  H, — C  H, — C  H=C 

II  \ch3 

CH— CH2OH 
(II) 


HaC^  C6H3— CHj-  CH=CH2 

(HI) 


/CHS 

HO-N-CH, 

|\CH3 

ch=ch2 


H 


/0\ 
,C  C, 


Hj— CH=CH— CH3 


(Ilia) 


(IV) 


The  behavior  of  (I)-(IV)  seems  to  indicate  that  the  3-membered  carbon 
chain  >>C— CH=C<  contained  in  the  allyl  group  is  essential  to  the  oc¬ 
currence  of  the  color  reaction.  The  many  allyl  compounds  which  give  a 
positive  response  to  the  phloroglucinol-hydrochloric  acid  reagent  argue  for 
this  statement,  but,  as  can  be  seen  from  the  following  report,  there  are 
notable  exceptions.  Therefore,  a  negative  response  to  this  test  cannot  be 
taken  as  positive  proof  of  the  absence  of  allyl  compounds. 

The  chemistry  of  this  color  reaction  is  not  known,  but  there  are  good 
reasons  for  believing  that  a  colored  addition  compound  of  phloroglucinol 
is  produced  by  combination  on  the  terminal  unsaturated  carbon  atom. 


Procedure. 162  A  drop  of  the  test  solution  is  placed  on  filter  paper  and  spotted 
wifh  a  drop  oi  phloroglucinol-hydrochloric  acid.  A  red  or  yellow  color  rnd, cates 
the  presence  of  allyl  compounds.  .  ,  hoi 

—  ml  ^^concentrated 1  hydrochloric 

acid.  The  reagent  should  be  stored  in  the  dark 
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The  following  limits  of  identification  were  obtained:  163 
1.  Diallyl  sulfide  H5C3 — S — C3H6 


2.  Eugenol 


CH2—  ch=ch2 


3.  2-Allylmercapto-6-(isovaleryl)-aminobenzothiazole 


i-C4H9C  ONH — 1 


N: 


V 


c— s— c3h5 


4.  Succino-(2-allylmercaptobenzothiazolyl-(6)-aminic  acid 

,Ns 


HOOC— CH2— CH„— CONH— 1 


X 


c— s— c3h5 


5.  2-Allylmercapto-6-(o-hydroxybenzal)-aminobenzothiazole 


18  y 


8  y 


400  y 


30  y 


3  y 


6.  2-Allylmercapto-6-(o,  />-dihydroxybenzol)-aminobenzothiazole 


OH 


7.  2-Allylmercapto-6-(3/,  4'-methylene- 
dioxybenzal)-aminobenzothiazole 


8.  2-A11ylmercapto-6-(p-acetaminobenzal)-aminobenzothiazole 


1  y 


25  y 


2  Y 
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9.  £-Hydroxybenzene-(l-azo-6)-2-allylmercaptobenzothiazole  0.1  y 


10.  Allithiamine  (addition  compound  of  vitamin  Bt  with  alicin  from 

garlic)  150  y 

The  following  compounds  gave  a  positive  response 154 :  allylchloride,  allylamine, 
diallylurea,  4-allyl-antipyrine,  allyl  alcohol,  cinnamic  alcohol. 

The  following  compounds  gave  no  reaction : 


1.  2-Allylmercapto-6-(n-butyryl)-aminobenzothiazole 

'N\ 

H,C— CH,-  CH,-  CO— NH— 1 


C— S— CjH5 


2.  2-Allylmercapto-6-(isocaproyl)-aminobenzothiazole 


t-C5Hu-  CO— NH- 


-S— C,H, 


3.  Dial  (diallylbarbituric  acid) 


HN—  CO 

oi  i<C,H‘ 

I  I  C,H. 
HN— CO 


4.  Allyl  methoxyphenylthiocyanate 

OCH,-  CH=CH, 

SCN 

5.  Allylacetoacetic  ester 

CH3 — CO — CHa — COO — c3h5 

The  reason  for  the  non-reactivity  of  compounds  which  certainly  contain 
the  allyl  group  is  not  yet  known. 
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Chapter  5 

Identification  of  Individual  Organic  Compounds 


The  detection  of  functional  groups,  the  topic  of  the  preceding  chapter, 
was  formerly  known  as  the  structural-analytical  method  of  organic  analysis, 
an  exceedingly  apt  designation.1  By  its  side  was  placed  the  ultimate-analytical 
method,  i.e.,  the  qualitative  and  quantitative  determination  of  the  elements 
composing  the  compound.  In  addition  there  is  the  final  identification  of 
individual  organic  compounds  by  molecular-analytical  methods.  The  latter 
are  based  on  the  measurement  of  physical  properties,  which  are  related  to 
the  architecture  and  size  of  the  molecule  of  organic  compounds.  Included 
are  the  determination  of  the  melting-  and  boiling  points  and  density  of 
compounds,  and  also  optical  methods.  The  sample  itself  serves  for  the  mel¬ 
ting-  and  boiling  point  determinations,  or  it  may  be  mixed  with  known 
materials  to  obtain  characteristic  points  such  as  eutectic  temperatures. 
Solutions  in  various  solvents  serve  for  molecular  weight  measurements.  The 
determination  can  be  carried  out  on  derivatives  since  in  some  cases  they 


offer  more  favorable  properties.  The  optical  methods  include  the 


measure¬ 


ment  of  the  refractive  index,  optical  activity,  ultraviolet  absorption,  Raman 
spectrum,  form  and  optical  characteristics  of  the  crystals,  etc. 

Physical  methods  of  identification  are  very  reliable.  Their  employment 
assumes,  as  a  rule,  the  previous  isolation  of  the  organic  compounds  in  a  state 
of  high  purity.  However,  the  importance  of  chemical  identifications  which 
succeed  with  mixtures  should  not  be  underestimated;  rather  they  should  be 
e  d  m  ™gh  esteem,  and  especially  because  thev  have  thp  - 


Chapter  4.  Consequently,  at  first  sight,  there 


seems  to  be  little  prospect  of 
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success  for  searches  directed  toward  the  discovery  of  specific  or  selective  tests 
for  individual  organic  compounds.  This  situation  is  responsible  for  the  fact 
that  the  detection  of  functional  groups  serves  particularly  to  disclose  the 
possibility  of  arriving  by  preparative  methods  at  derivatives  which,  after 
isolation  and  purification,  can  be  characterized  by  physical  methods  and 
thus  allow  reliable  conclusions  to  be  drawn  regarding  the  starting  material. 
There  is  no  doubt  but  that  this  course  of  action  will  offer  the  greatest  surety 
in  identifying  individual  organic  compounds.  However,  its  application  will 
necessarily  be  limited  by  the  preparative  step,  with  its  inescapable  require¬ 
ment  of  sufficient  starting  material  and  its  inevitable  loss  of  intermediate 
and  final  products.  Therefore,  efforts  must  be  made  to  develop  tests  for 
individual  compounds  through  appropriate  modification  and  combination 
of  group  reactions.  Such  efforts  will  be  aided  by  experiences  which  in  part 
are  often  overlooked  and  hence  not  used.  Some  of  these  findings  are  of  recent 
date. 

First  of  all,  it  should  be  noted  that,  in  the  great  majority  of  cases  in  which 
recourse  is  taken  to  qualitative  organic  analysis,  the  analyst  is  not  faced  with 
an  inextricable  artificial  mixture  of  organic  compounds.  As  a  rule,  the 
available  information  about  the  origin,  method  of  preparation,  action,  and 
use  of  the  material  being  examined  will  provide  valuable  clues  as  to  the 
lines  along  which  the  tests  should  be  made.  In  fact,  the  analytical  goal  is 
often  well  defined  by  the  answer  to  the  question  as  to  whether  particular 
compounds  are  present  or  absent.  In  such  instances,  the  test  for  functional 
groups  may  be  entirely  adequate,  and  the  intensity  of  the  response  to  a 
characteristic  reaction  may  even  permit  conclusions  as  to  how  much  of  a 
particular  compound  is  present. 


Another  point,  which  often  is  given  too  little  consideration,  is  that  the 
reactivity  of  certain  groups  in  organic  compounds  is  sometimes  strongly 
affected  by  the  remainder  of  the  molecule  or  by  the  groups  it  contains.  This 
influence  may  show  itself  through  widely  differing  reaction  rates,  through  loss 
of  reactivity,  and  through  differences  in  the  solubility,  color,  or  fluorescence 
of  the  reaction  products.  It  is  obvious  that  such  peculiarities  in  the  response 
nrnim  rpartions  can  serve  for  the  detection  of  individual  compounds.  In 
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possibility  of  separating  homologs,  i.e.  their  removal  from  a  common 
reaction  theater.  This  possibility  is  provided  when  the  lowest  member  of 
an  homologous  series  is  volatile  or  sublimable  at  room  temperature  or  on 
slight  warming,  or  if  cleavage  yields  a  volatile  or  sublimable  reacti\  e  product. 
In  such  cases,  a  group  reaction,  which  is  non-specific  in  solution,  can  become 
completely  specific  for  an  individual  compound  if  the  test  is  carried  out  in 
the  vapor  phase.  The  most  extensive  use  of  a  separation  of  reaction  theaters 
occurs  in  chromatography.  In  this  procedure,  the  solution  components  are 
collected  in  definite,  separate  zones  through  adsorption  on  a  powdered 
adsorber  (column  chromatography)  or  on  paper  (paper  chromatography). 
Specific  tests  for  minute  amounts  of  individual  compounds  can  then  be 
accomplished  in  these  zones,  either  directly  or  after  elution,  by  means  of 
tests  which  must  be  sensitive  but  not  necessarily  specific  or  selective. 
Furthermore,  the  products  of  selective  group  reactions  can  be  adsorptively 
separated  from  water  solution  or  from  solution  in  organic  solvents,  and  in 
this  way  individual  compounds  can  be  detected  in  certain  zones.  It  may  be 
safely  assumed  that  spot  test  analysis  will  play  an  important  role  in  all  varie¬ 
ties  of  chromatography  and  vice  versa. 

The  following  sections  contain  descriptions  of  spot  tests  which  in  part  are 
characteristic  for  individual  compounds  and  which  in  part  respond  to  those 
representatives  of  a  particular  class  of  compounds  which  have  practical 
importance  and  occur  most  frequently. 


1.  Acetylene 


(1)  Test  by  formation  of  cuprous  acetylide  3 

Acetylene,  either  gaseous  or  dissolved  in  water  or  organic  solvents,  reacts 
with  colorless  ammoniacal  solutions  of  cuprous  salts  to  produce  cuprous 
acetylide  (carbide  or  more  correctly  cuproacetylenic  carbide) : 


Cut”  +  C2H2  +  2  NH3  ->  C2Cu2  +  2  NH4+ 

The  copper  salt,  a  monohydrate,4  appears  as  an  amorphous  precipitate 
whose  color  is  red-brown  to  red-violet,  depending  on  the  degree  of  dispersion! 
It  is  soluble  in  dilute  mineral  acids,  with  regeneration  of  acetylene,  which 
forms  colorless  addition  products  with  acid  cuprous  salt  solutions.5  An  ana- 
ogous  behavior  toward  cuprous  salts  is  shown  by  homologs  of  acetylene 
(acetylemchydrocarbons),  which  in  conformity  with  the  general  formula 

h(drogen7tlC°  m  1  b°Und  Carb°n  Hnked  to  an  addic 

The  detection  of  acetylene  through  precipitation  of  copper  acetylide  from 
ammomacal  cuprous  solutions  is  unpaired  by  sulfide  ions  because  of  th” 
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formation  of  black  cuprous  sulfide.  Mercapto  compounds  likewise  react  to 
precipitate  yellow  cuprous  salts  of  the  particular  mercaptans  (sometimes 
mixed  with  some  copper  sulfide).  Larger  quantities  of  alkali  cyanide  prevent 
the  precipitation  of  cuprous  acetylide.  This  masking  is  due  to  the  formation 
of  complex  [Cu2(CN)4]-2  anions,  with  consequent  lowering  of  the  concentra¬ 
tion  of  Cu2+2  ions  to  such  extent  that  the  solubility  product  of  cuprous 
acetylide  is  not  reached.  No  interference  with  the  test  is  occasioned  by 
hydrides  of  phosphorus  and  arsenic,  which  always  are  present  in  commercial 
acetylene. 

The  sensitivity  of  the  acetylene  test  was  established  by  means  of  a  satu¬ 
rated  water  solution  prepared  from  previously  purified  gas,  and  in  the  dilu¬ 
tions  the  solubility  (at  18°)  was  taken  as  0.1 18g  acetylene  per  100ml  water.6 

Procedure.  A  drop  of  the  ammoniacal  cuprous  solution  is  placed  in  a  de¬ 
pression  of  a  spot  plate  and  a  drop  of  the  acetylene  solution  is  added.  According 
to  the  quantity  of  acetylene  present,  a  red-brown  precipitate  or  a  brown-violet 
color  appears  in  the  practically  colorless  solution.  When  dealing  with  very  small 
amounts  of  acetylene  it  is  well  to  run  a  parallel  blank  test. 

Identification  Limit:  1  y  acetylene 

Dilution  Limit:  1  :  50,000 

The  test  can  also  be  made  by  allowing  gaseous  acetylene  to  react  with  a  hang¬ 
ing  drop  of  the  reagent  solution  in  a  gas-evolution  apparatus  (Fig.  23,  page  40). 
The  identification  limit  then  is  about  5  y  acetylene. 

Reagents:  1)  Solution  of  1.5  g  cupric  chloride  and  3g  ammonium  chloride 
in  20  ml  concentrated  ammonia,  diluted  to  50  ml  with  water 
2)  5  g  hydroxylamine  hydrochloride  in  50  ml  water. 

To  prepare  the  ammoniacal  cuprous  solution,  1  ml  of  the  blue 
solution  1)  is  combined  with  2  ml  of  solution  2) ;  decolorization 

ensues 


(2)  Test  by  protective  layer  effect  on  silver  chromate 7 

When  acetylene  (gaseous,  or  dissolved  in  water,  acetone,  etc.)  reacts  with 
a  nitric  acid  or  ammoniacal  solution  of  silver  chromate,  an  orange  or  ye  ow 
flocculent  precipitate  is  formed.  The  product  *  is  an  addition  compound  ot 
silver  acetylide  and  silver  chromate : 


4  Ag+  +  Cr04~2  +  C2H2  -  Ag2C2-Ag2Cr04  +  2H+ 


When  conducted  as  a  spot  test, 
2.5  y  acetylene  in  aqueous  solution. 

*  A  compound,  C2H2-Ag20-Ag2Cr04,  which 
has  been  prepared  from  silver  chromate  and 
studies)  found  that  the  precipitate  produced 
acetylene  shows  the  ratio  Ag  :  Cr04  =  4:1. 


this  reaction  permits  the  detection  of 
A  more  sensitive  and  more  reliable  test 

probably  should  be  viewed  as  AgaC2-Ag2Cr04-H20, 
acetylene.6  F.  Feigl  and  A.  Caldas  (unpublished 
from  nitric  acid  solutions  of  silver  chromate  by 
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is  provided  by  the  reaction  of  acetylene  on  a  suspension  of  excess  red-brown 
silver  chromate  in  water  or  dilute  acetic  acid.  The  yellow  brown  addition 
product  is  then  formed  through  a  topochemical  reaction  on  the  solid  silver 
chromate  or  via  its  dissolved  portions.  In  both  cases,  the  acid-resistant 
reaction  product  is  formed  directly  on  the  surface  of  the  silver  chromate 
or  in  closest  proximity  to  it.  A  result  of  this  envelopment  of  the  acid-soluble 
silver  chromate  by  the  acid-insoluble  Ag2C2- Ag2Cr04  is  that  the  unused  silver 
chromate  is  markedly  protected  against  rapid  and  complete  solution  in 
dilute  nitric  or  sulfuric  acid.  (A  similar  “protecting  layer  effect’’  9  exists  also 
against  the  action  of  ammonia.)  Water  suspensions  of  brown-red  silver 
arsenate,  brown-red  mercury(I) — and  yellow  mercury(II)  chromate  behave 
analogously  toward  acetylene,  in  that  they  too,  after  reaction  with  acetylene, 
are  coated  with  a  layer  of  acid-resistant  acetylene  compound  and  thus 
markedly  shielded  from  a  subsequent  action  of  dilute  nitric  acid.  The 
“protective  layer  effect’’  on  silver  chromate  is  the  basis  of  a  test  for  acetylene, 
which  is  just  as  sensitive  as  the  test  described  under  1.  No  studies  have  been 
reported  regarding  the  behavior  of  homologs  of  acetylene  possessing  a 
terminal  =C — group. 


The  detection  of  acetylene  by  means  of  the  protection  afforded  silver 
chromate  by  Ag2C2-Ag2Cr04,  is,  of  course,  applicable  only  in  the  absence 
of  hydrogen  sulfide  and  halogen  hydracids.  The  test  can  be  carried  out  as  a 
spot  reaction  in  a  porcelain  crucible  (Procedure  I)  or  in  a  larger  volume  of 
liquid  (Procedure  II),  with  employment  of  “analytical  flotation’’.  The  latter 
operation  makes  use  of  the  fact  that  slight  amounts  of  precipitate,  suspended 
in  several  milliliters  of  water,  are  gathered  into  the  interface  and  thus  made 
more  visible  when  the  suspension  is  shaken  with  an  organic  liquid  which  is 
immiscible  with  water.  (Obviously,  the  organic  liquid  must  not  be  a  solvent 
for  the  precipitate.10) 

The  sensitivity  of  the  acetylene  test  by  I  and  II  was  determined  on  dilu- 
t.ons  of  a  saturated  water  solution  of  the  purified  gas  whose  concentration 
is  0.118  g  C2H2  per  100  ml  water  at  18°. 


ocedure  I  Single  drops  of  the  yellow  ammoniacal  solution  of  silver  chro¬ 
mate  are  placed  in  two  small  porcelain  crucibles,  and  the  red-brown  silver 
iromate  predpitated  by  adding  one  drop  of  acetic  acid  to  each.  One  drop  of  the 
solution  being  tested  for  acetylene  is  added  to  one  of  the  suspensions  and  a  drop 
vater  to  the  other  which  is  serving  as  a  blank.  The  mixtures  are  stirred  from 

mmUteS  dependin*  °n  the  q^ty  of  acX 
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present,  a  residue  of  undissolved  red-brown  silver  chromate  will  be  seen ;  the  latter 
will  be  considerable  or  slight  in  accord  with  the  quantity  of  acetylene  present. 
Limit  of  Identification:  1  y  acetylene 
Dilution  Limit:  1  :  50,000 

Reagents:  1)  Ammoniacal  solution  of  silver  chromate:  well  washed  silver 
chromate,  prepared  by  adding  potassium  chromate  solution  to 
silver  nitrate  solution,  is  added  to  ammonia  water  (1  :  5), 
vigorously  shaken,  and  filtered.  The  yellow  solution  is  stored  in 
a  closed  bottle  and  away  from  light.  If  a  turbidity  develops  on 
standing,  more  ammonia  should  be  added,  or  the  suspension 
should  be  filtered. 

2)  Acetic  acid,  6  N 

3)  Nitric  acid  (1  ml  concentrated  acid  diluted  to  10  ml) 
Procedure  II.  Two  test  tubes  (capacity  about  3  ml)  fitted  with  glass  stoppers 

are  used.  One  drop  of  ammoniacal  silver  chromate  solution  is  placed  in  each  tube 
and  the  red-brown  silver  chromate  is  precipitated  by  adding  one  drop  of  acetic 
acid.  One  drop  of  the  aqueous  test  solution  is  added  to  one  tube,  and  a  drop  of 
water  to  the  other.  Each  mixture  is  then  diluted  with  a  drop  or  two  of  water,  the 
tubes  are  stoppered  and  shaken  for  about  one  minute.  Both  suspensions  are  then 
covered  with  1  ml  of  amyl  alcohol.  The  blank  is  then  treated  with  successive  drops 
of  dilute  nitric  acid  (vigorous  shaking)  until  the  silver  chromate  is  completely 
dissolved  and  no  particles  of  precipitate  remain  in  the  water-amyl  alcohol  inter¬ 
face.  The  silver  chromate  suspension  being  tested  for  acetylene  is  then  shaken 
with  the  same  number  of  drops  of  nitric  acid  plus  one  extra  for  the  sake  of  cer¬ 
tainty.  If  acetylene  was  present,  and  depending  on  its  quantity,  there  remains  in 
the  water-amyl  alcohol  interface,  a  considerable  or  a  slight  coating  of  red-brown 
silver  chromate. 

Limit  of  Identification:  1  y  acetylene 
Dilution  Limit:  1  :  50,000 
Reagents :  1)  As  in  Procedure  I 

2)  Amyl  alcohol 


2.  Carbon  monoxide 

( i )  Test  with  phosphomolybdic  acid  and  palladium  chloride  11 

When  carbon  monoxide  is  passed  through  a  solution  of  phosphomolybdic 
acid,  there  is  no  noticeable  effect.  If,  however,  some  palladium  chloride 
is  added,  there  is  immediate  formation  of  molybdenum  blue: 

2  Mo03  +  CO  -*■  Mo206  +  COa  i1) 

The  catalytic  hastening  of  the  redox  reaction  (I)  is  brought  about  by  even 
traces  of  palladium  ions,  and  this  makes  possible  an  extremely  sensitive  and 
specific  test  for  palladium.'*  The  mechanism  of  the  catalysis  resides  in 
production  of  elementary  palladium. 


Pd+2  +  CO  +  H20  ->  Pd°  +  C02  +  2  H+ 


(2) 
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which  adsorbs  carbon  monoxide  (likewise  hydrogen).  This  adsorption  acti¬ 
vates  the  carbon  monoxide  (hydrogen)  to  enter  into  redox  reactions,  which 
proceed  at  an  immeasurably  slow  rate  when  there  is  no  adsorption.13 
According  to  the  state  of  aggregation  of  the  catalyst,  the  production  of 
molybdenum  blue  with  cooperation  of  palladium  presents  therefore  an 
instance  of  heterogeneous  catalysis,  initiated  by  the  optically  invisible 
quantities  of  dispersed  palladium  formed  by  reaction  (2). 

Redox  reaction  (2)  is  the  basis  of  a  long  known  test  for  carbon  monoxide 14 
carried  out  by  means  of  filter  paper  impregnated  with  1  %  palladium11 
chloride.  When  this  yellow  paper  is  exposed  to  the  action  of  carbon  monoxide, 
as  little  as  0.01-0.03  %  CO  in  the  air  produces  a  black  to  gray  color.  The 
test  with  the  yellow  PdCl2  paper  is  not  sensitive  enough  when  carried  out  as  a 
spot  reaction.  Likewise,  the  use  of  paper  impregnated  with  relatively  much 
palladium  salt  is  not  advantageous  and  furthermore  such  paper  deteriorates 
because  of  reduction  by  the  cellulose,  particularly  when  illuminated.  In 
contrast,  if  a  solution  of  phosphomolybdic  acid,  containing  as  little  as  0.02  % 
palladium  chloride,  is  employed  as  reagent,  the  occurence  of  reaction  (2) 
produces  the  catalyst  for  the  redox  reaction  (2).  In  this  way,  quantities  of 
carbon  monoxide  which  are  too  small  to  be  revealed  by  the  classic  palladium 
chloride  reaction  can  be  detected  through  the  production  of  molybdenum 
blue.  The  reaction  may  be  conducted  as  a  spot  test. 


A  test  for  carbon  monoxide  employing  the  technique  of  spot  test  analysis 
is  a  useful  tool  in  qualitative  organic  analysis,  since  there  are  many  organic 
compounds  which  yield  carbon  monoxide  when  they  are  disintegrated  by 
concentrated  sulfuric  acid.15  The  most  familiar  example  is  the  decomposition 
by  removal  of  water,  of  formic  and  oxalic  acid: 


HC02H  ->  H20  +  CO 

->  H20  -f-  co2  -f-  CO 


a_ Hydroxy-  and  a-ketocarboxylic  acids  are  broken  down  in 


in  various  ways 
noxide  may  be 


RCH(OH)COOH  ->  RCHO  +  HC02H 
R(CO)COOH  ->  RCOOH  +  CO 
2  R(CO)COOH  -  R-R  +  h2C204  +  2  CO 
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In  general,  the  lower  members  of  the  a-hydroxy  acids  undergo  considerable 
disintegration  even  at  a  temperature  range  of  80-100°,  while  the  higher 
members  require  temperatures  of  140-160°. 

Syrupy  phosphoric  acid  behaves  like  concentrated  sulfuric  acid  with 
respect  to  splitting  carbon  monoxide  out  of  organic  compounds.  This  fact 
must  be  remembered  when  palladium-bearing  phosphomolybdic  acid  is 
used  as  reagent  for  carbon  monoxide.  When  warmed  with  concentrated 
sulfuric  acid,  almost  all  organic  coumpounds  produce  sulfur  dioxide,  which 
likewise  yields  molybdenum  blue  with  phosphomolybdic  acid.  Therefore, 
syrupy  phosphoric  acid  must  invariably  be  used  for  splitting  carbon  mon¬ 
oxide  from  organic  compounds. 

The  following  test  is  not  applicable  when  the  action  of  syrupy  phosphoric 
acid  on  the  sample  yields  volatile  products  which  act  on  palladium-bearing 
phosphomolybdic  acid.  Such  products  are  sulfur  dioxide,  hydrogen  sulfide, 
hydrocyanic  acid,  etc. 

Procedure. 16  A  drop  of  the  test  solution  is  taken  to  dryness  in  the  bulb  of 
the  apparatus  described  on  page  40  (Fig.  23).  Alternatively,  a  little  of  the  solid 
sample  may  be  placed  in  the  apparatus.  A  drop  of  syrupy  phosphoric  acid  is 
then  introduced.  The  knob  of  the  stopper  is  dipped  into  the  reagent  solution,  and 
then  put  into  place.  The  closed  apparatus  is  heated  with  a  micro  burner  until  the 
mass  solidifies.  Care  must  be  taken  that  the  drop  hanging  on  the  knob  does  not 
go  to  dryness.  After  cooling,  the  drop  is  wiped  onto  filter  paper  and  moistened 
with  a  drop  of  water.  If  carbon  monoxide  was  produced,  a  blue  to  blue-green 
color  appears.  A  blank  test  is  advisable. 

Reagents:  1)  Phosphoric  acid,  85  %,  kept  at  250°  until  no  more  steam  is 
given  off 

2)  Palladium  chloride-bearing  phosphomolybdic  acid: 

(а)  0.02  g  PdCl2  is  dissolved  in  2  drops  of  concentrated  hydro¬ 
chloric  acid  and  brought  to  10  ml  with  water 

(б)  cold  saturated  solution  of  phosphomolybdic  acid  in  water. 
The  reagent  consists  of  a  mixture  of  2  ml  (a)  and  8  ml  ( b ) 

Limits  of  Detection:  5  y  oxalic  acid 

10  y  citric  acid 
10  y  tartaric  acid 
25  y  mandelic  acid 


3.  Formaldehyde 

(/)  Test  with  chromotropic  acid  17 

When  formaldehyde  is  warmed  with  chromotropic  acid  (1,8-dihydroxy- 
naphthalene-3,6-disulfonic  acid)  in  strong  sulfuric  acid  solution,  a  violet- 
pink  color  develops.  The  chemistry  of  this  color  reaction  is  not  known.  T1 
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first  step  is  probably  a  condensation  of  formaldehyde  with  the  aromatic 
hydroxy  compound,  producing  a  hydroxydiphenylmethane  which  is  soluble 
in  concentrated  sulfuric  acid.  When  the  solution  comes  into  contact  with 
the  air,  a  colored  oxidation  product  of  unknown  constitution  if  formed.18 

It  is  possible  that  the  action  of  the  concentrated  sulfuric  acid  causes  a 
phenol-aldehyde  condensation  followed  by  an  oxidation  to  a  quinoid  com¬ 
pound.  (Compare  the  Le  Rosen  test  described  on  page  104.) 

Acet-,  propion-,  butyr-,  fsobutyr-,  and  fsovaleraldehydes,  oenanthol, 
crotonaldehyde,  chloral  hydrate,  glyoxal,  and  aromatic  aldehydes  give  no 
reaction  with  a  sulfuric  acid  solution  of  chromotropic  acid.  Glyceraldehyde, 
furfural,  arabinose,  fructose,  and  sucrose  give  a  yellow  coloration.  Other 
sugars,  acetone,  and  carboxylic  acids  do  not  react.  High  concentrations  of 
furfural  give  a  reddish  color.  Aromatic  carboxylic  acids,  such  as  benzoic  and 
phenylacetic,  give  no  reaction.  In  contrast,  the  halogen  derivatives  of  these 
acids  and  also  phenoxyacetic  acid  and  its  various  halogen  derivatives  give 
a  wine-purple  color.19 


Procedure.  A  drop  of  the  sample  solution  is  mixed  with  2  ml  sulfuric  acid  in 
a  test  tube,  a  little  solid  chromotropic  acid  is  added,  and  the  tube  heated  for 
10  minutes  in  a  water  bath  at  60°.  A  bright  violet  color  appears  in  the  presence  of 
formaldehyde.  For  small  amounts  a  blank  test  is  advisable  for  comparison. 
Limit  of  Identification:  0. 14  y  formaldehyde 
Dilution  Limit:  1  :  360,000 
Reagents:  1 )  Chromotropic  acid  (solid) 

~)  7 2  %  sulfuric  acid  (100  ml  water  plus  150  ml  cone.  H2S04) 

A  violet  to  pink  color  produced  by  this  procedure  revealed  0.5  y  formaldehyde 
in  the  presence  of:  J 


0.047  mg  fructose 
0.99  mg  cane  sugar 
mg  furfural 
mg  arabinose 
mg  milk  sugar 
mg  dextrose 


i.e. 


94  times  the  quantity 
100  times  the  quantity 
380  times  the  quantity 
4326  times  the  quantity 
6956  times  the  quantity 
10100  times  the  quantity 

S^issr*-* 


0.19 

2.16 

3.48 

5.05 


(2)  Test  with  carbazole  21 

Which  gives  off  foimaldehydej^sadded^to  th  1,c“methy,enetetramine.  etc., 
—ted  sulfuric  acid! 
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centrations  of  formaldehyde  produce  a  blue  amorphous  precipitate.  The 
constitution  of  the  product  is  not  known ;  possibly  a  condensation  reaction 
between  carbazole  and  formaldehyde  leads  to  a  quinoidal  compound.  Since 
indol,  which  is  structurally  similar  to  carbazole,  analogously  yields  a  violet- 
red  to  yellow-red  color  when  its  concentrated  sulfuric  acid  solution  reacts 
with  formaldehyde,  a  general  reaction  of  ortho-condensed  pyrroles  may  be 
involved  here. 

Acetaldehyde  gives  an  olive-brown  color  with  carbazole  in  concentrated 
sulfuric  acid  solution,  whereas  propionaldehyde  and  butyraldehyde  yield  a 
brown-yellow.  Aromatic  aldehydes  likewise  form  colored  products. 

Procedure.  Five  to  seven  drops  of  a  solution  of  carbazole  in  concentrated 
sulfuric  acid  are  placed  in  a  depression  of  a  spot  plate.  One  drop  of  the  water  or 
alcohol  solution  of  the  material  to  be  tested  for  formaldehyde,  or  the  material 
delivering  formaldehyde,  is  introduced.  A  blue  to  blue-green  color  (or  precipi¬ 
tate)  appears  at  once.  A  blank  test  should  be  made  when  small  quantities  of 
formaldehyde  are  suspected. 

Limit  of  Identification:  5  y  formaldehyde 

Dilution  Limit:  1  :  10,000 

Reagent:  0.5  %  solution  of  carbazole  in  sulfuric  acid  (sp.  gr.  1.84).  The  reagent 
solution  does  not  keep  and  accordingly  should  be  prepared  imme¬ 
diately  before  the  test. 


4.  Chloroform 

(1)  Test  by  conversion  to  alkali  cyanide 

A  number  of  reactions  show  that  the  three  chlorine  atoms  of  chloroform 
are  reactive.  For  example,  the  action  of  ammonia,  in  the  presence  of  caustic 
alkali,  results  in  the  production  of  cyanide : 

CHC13  +  4  NaOH  +  NH3  3  NaCl  +  4  H20  +  NaCN 

As  pointed  out  (Volume  I,  page  258)  the  volatile  hydrocyanic  acid  liberated 
from  alkali  cyanides  by  acidification  with  mineral  acids  can  be  detected 
with  high  sensitivity  through  the  bluing  of  a  copper  acetate-benzidine  mix¬ 
ture.  The  blue  color  is  due  to  a  meriquinoid  oxidation  product  of  benzidine, 
which  is  produced  as  a  result  of  the  raised  oxidation  potential  of  the  bivalent 
copper.  2,7-Diaminofluorene  (I)  can  be  used  in  place  of  benzidine  22 ,  it  is 
oxidized  to  the  ^-quinoid  imine  (II)- 
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The  action  of  hydrocyanic  acid  on  Congo  paper  impregnated  with  mercuric 
chloride  (see  Volume  I  page  262)  can  also  be  used  to  detect  the  cyanide  formed 
in  the  above  reaction.  Bromoform  behaves  similarly  to  chloroform. 

Procedure.  23  One  drop  of  the  test  solution,  in  a  microcrucible,  is  allowed  to 
stand  for  several  minutes,  at  room  temperature,  with  2  drops  of  20  %  sodium 
hydroxide  and  1  drop  of  concentrated  ammonia.  A  particle  of  clay  plate  is  then 
added,  and  the  mixture  heated  to  boiling.  After  cooling,  it  is  acidified  with  20  % 
sulfuric  acid.  The  crucible  is  covered  with  a  small  watch  glass  carrying  a  strip 
of  moist  reagent  paper.  The  prussic  acid  is  expelled  by  cautious  heating.  A  blue 
color  indicates  the  presence  of  chloroform.  The  formation  and  liberation  of  the 
prussic  acid  can  also  be  accomplished  in  the  apparatus  described  on  page  41. 

Limit  of  Identification:  16  y  chloroform 

Reagent:  Copper  acetate-diaminofluorene  solution:  0.3  %  copper  acetate  solu¬ 
tion  is  mixed  with  an  equal  volume  of  a  saturated  solution  of  2,7- 
diaminofluorene  24  in  50  %  alcohol 


5.  Chloral 


(1)  Test  by  conversion  to  isatin- ft-imine  25 

Chloral,  (trichloroacetaldehyde)  which  usually  occurs  as  its  water-soluble 
stable  hydrate  (I),  can  be  converted,  through  a  number  of  intermediate  steps, 
into  isatin.26  The  yield  is  good.  The  most  important  steps  of  this  interesting 
synthesis  are.  the  production  of  chloraloxime  (II),  which  reacts  with  aniline, 
in  acid  solution,  to  give  isonitrosoacetanilide  (III).  The  latter  is  dehydrated] 
with  ring-closure,  by  means  of  concentrated  sulfuric  acid,  and  so  forms 
isatm-/?-imine  (IV).  The  latter  is  saponified  by  water  to  give  isatin  (V).  The 
corresponding  equations  are: 


CC13CH(0H)2  +  NH2OH 

(I) 

C  CljCHNOH  +  C6H6NH2  +  H20 


CCljCHNOH  +  H20 
(II) 

C6H5NHCOCHNOH  +  3  HC1 
(HI) 


H 

(III) 


CHNOH 

CO 


cone.  HsS04 
- - > 


-C=NH 


vy 

H 

(IV) 


CO 


+  H2o 


-C=NH 


+  h2o 


W 

H 


CO 


-CO 


+  NHs 


vy 

H 

(V) 


CO 
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Many  primary  aromatic  amines  with  a  free  or^Ao-position  behave  analo¬ 
gously  to  aniline ;  they  yield  the  corresponding  derivatives  of  isatin-/Timine 
or  isatin. 

The  realization  of  reactions  (7)-(3)  suffices  for  the  detection  of  chloral. 
The  resulting  isatin-/3-imine  gives  a  red  solution  in  concentrated  sulfuric  acid. 
A  partial  saponification  to  isatin  is  of  no  fundamental  importance,  since 
isatin  gives  a  yellow  solution  in  concentrated  sulfuric  acid. 

Reactions  ( l)-{4 )  can  be  carried  out  successfully  with  one  drop  of  a  dilute 
water  solution  of  chloral  hydrate  (or  alcoholate,  ammoniate).  This  makes 
a  specific  test  for  chloral  possible. 

When  applying  this  test  it  should  be  remembered  that  many  organic 
compounds  (especially  carbohydrates)  caramelize  or  char  on  warming  with 
concentrated  sulfuric  acid,  and  thus  interfere  with  the  recognition  of  isatin. 
It  is  best  in  such  cases  to  extract  the  chloral  from  the  sample  with  ether, 
and  to  carry  out  the  conversion  into  isatin-/Timine  with  the  evaporation 
residue  from  a  drop  or  two  of  the  ether  solution. 

Procedure.  A  drop  of  the  test  solution  is  placed  in  a  microcrucible  and  evap¬ 
orated  to  dryness  along  with  a  drop  of  the  acid  aniline-hydroxylamine  solution. 
One  micro  drop  of  concentrated  sulfuric  acid  is  added  to  the  residue  and  the 
crucible  is  heated  for  30  seconds  in  an  oven  at  1 10°.  Depending  on  the  quantity 
of  chloral  present,  a  wine-red  to  yellow  color  develops.  A  blank  is  advisable  for 
small  amounts  of  chloral. 

Limit  of  Identification:  2.5  y  chloral 

Dilution  Limit:  1  :  20,000 

Reagents:  1)  Aniline-hydroxylamine  solution:  To  1  g  aniline  (pure  or  freshly 
distilled)  add  1  ml  concentrated  hydrochloric  acid  and  then 
dilute  with  5  ml  water.  The  aniline  hydrochloride  solution  is 
united  with  a  solution  of  lg  hydroxylamine  sulfate  in  5  ml 
water.  Any  aniline  sulfate  precipitate  is  filtered  off.  The  solution 
keeps  for  several  days. 

2)  Sulfuric  acid,  (sp.  gr.  =  1.84) 


6.  Methyl  alcohol 

( i )  Jest  by  conversion  to  formaldehyde  27 

The  specific  test  for  formaldehyde  with  chromotropic  acid  described  on 
page  240  can  be  used  for  the  identification  of  methyl  alcohol  since  in  aci 
solution  the  latter  is  readily  oxidized  to  formaldehyde  by  potassium  per¬ 
manganate  : 

5  CH3OH  +  2  Mn04"  +  6  H+  ->  5  CII20  4-  2  Mn+-  +  8  H20 
If  the  experimental  conditions  prescribed  here  are  maintained,  i.e.,  slight 
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acidity  and  brief  reaction  time,  ethyl  alcohol  is  oxidized  by  permanganate 
solely  to  acetaldehyde  without  production  of  noticeable  quantities  of  for¬ 
maldehyde,  as  is  the  case  when  less  mild  oxidizing  conditions  prevail.  The 
excess  permanganate,  and  the  manganese  dioxide  produced  in  the  reaction : 

3  Mn+2  +  2  Mn04-  +  2  HaO  ->  5  MnOa  +  4  H  + 

can  be  removed,  prior  to  the  test  with  chromotropic  acid,  by  adding  sodium 
sulfite: 


2  Mn04-  +  5  S03-2  +  6H+ 
MnOa  +  S03-2  +  2  H+ 


2  Mn+2  +  5  S04-2  +  3  HzO 
-  Mn+2  +  S04-2  +  HzO 


Procedure.  A  drop  of  the  test  solution  is  mixed  with  a  drop  of  dilute  phos¬ 
phoric  acid  and  a  drop  of  potassium  permanganate  solution  in  a  test  tube  for 
1  minute.  A  little  solid  sodium  bisulfite  is  then  added,  with  shaking,  until  the 
misture  is  decolorized.  If  any  brown  precipitate  of  the  higher  oxides  of  man¬ 
ganese  remains  undissolved,  a  further  drop  of  phosphoric  acid  should  be  added 
and  a  very  little  sodium  bisulfite.  When  the  solution  is  colorless,  4  ml  sulfuric 
acid  and  a  little  finely  powdered  chromotropic  acid  are  added;  the  mixture  is 
well  shaken,  and  then  heated  to  60°  for  10  minutes.  A  violet  color,  that  deepens 
on  cooling,  indicates  the  presence  of  methyl  alcohol. 

Limit  of  Identification:  3.5  y  methyl  alcohol 
Dilution  Limit:  1  :  13,600 

Reagents:  1 )  Phosphoric  acid  (10  ml  50  per  cent  acid  diluted  to  100  ml) 

2)  Potassium  permanganate,  5  %  solution 

3)  Sodium  bisulfite  (solid) 

4)  Sulfuric  acid,  72  %  (100  ml  water  plus  150  ml  cone.  H2S04) 

5)  Chromotropic  acid  (solid) 

Mhen  subjected  to  this  treatment,  no  reaction  was  given  by:  ethyl  alcohol 
propyl  alcohol,  isopropyl  alcohol,  butyl  alcohol,  trimethylcarbinol,  ^-primary 
amyl  alcohol,  zsoamyl  alcohol,  amylene  hydrate,  ethylene  glycol,  propylene 
glycol  erythnte,  adomite,  mannite,  dulcite,  acetaldehyde,  butyraldehyde  iso- 
butyraldehyde,  zsovaleraldehyde,  methyl  glyoxal,  glyoxal,  acetone,  oxalic  acid 
lactic  acid  tartaric  acid,  citric  acid,  dextrose.  Color  reactions  are  given  by- 
gycerol  (yellow  color  and  green  fluorescence);  furfural  (brownish  color)  -  ara- 
bmose,  fructose,  milk  sugar,  cane  sugar  (yellow  color). 

betoected^vIS  ^  T  °Xidati°n  °f  meth>'1  a,coho1  ca"  aIs° 

be  detected  by  the  less  sensitive  color  reaction  with  carbazole  (page  241). 

7.  Formic  acid 

( 1)  Test  by  conversion  to  formaldehyde  ™ 

HCOsH  +  2  H°  CHaO  +  H2d 
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The  formaldehyde  can  then  be  identified  by  the  chromotropic  acid  test 
(see  page  240). 

Procedure.  A  drop  of  the  sample  solution  is  mixed  in  a  test  tube  with  a  drop 
of  dilute  hydrochloric  acid;  magnesium  powder  is  then  added  until  no  further  gas 
is  liberated.  Three  milliliters  of  sulfuric  acid  and  a  little  chromotropic  acid  are 
then  added;  the  tube  is  heated  for  10  minutes  at  60°.  A  violet-pink  appears  if 
formic  acid  is  present. 

Limit  of  Identification:  1.4  y  formic  acid 

Dilution  Limit:  1  :  20,000 

Reagents:  1 )  Hydrochloric  acid,  2  AT 

2)  Magnesium  powder 

3)  Chromotropic  acid  (solid) 

4)  Sulfuric  acid,  72  %  (see  page  245) 

Solutions  of  the  following  compounds  were  tested  with  chromotropic  acid 
after  treatment  with  magnesium  and  hydrochloric  acid: 

No  reaction:  glycolic-,  glyoxylic-, 'oxalic-,  malic-,  citric-,  malonic,  salicylic-, 
uric-,  protocatechuic  acids;  alloxan,  arabinose,  galactose. 

Yellow  color:  glyceric  acid,  pyruvic  acid 

Yellow  to  Orange  color:  levulose;  saccharose,  raffinose 

Yellow  to  Green  colbr:  rhamnose 

• 

Glucose  interferes  with  the  test  because  of  partial  breakdown  to  formic 
acid.  Consequently,  small  amounts  of  formic  acid  cannot  be  detected  in 
the  presence  of  much  grape  sugar. 


(2)  Test  by  reaction  with  mercuric  chloride  29- 29a 

When  formic  acid  or  alkali  formates  are  warmed  with  mercuric  chloride, 
in  acetic  acid-acetate  buffered  solution,  white,  crystalline  mercurous  chloride 
is  precipitated: 

2  HgCl2  +  HCOz-  -*  Hg2Cl2  +  C02  +  2  Cl-  +  H+ 

Small  amounts  of  mercurous  chloride  can  be  detected  by  the  reaction 
with  ammonia  (blackening  due  to  formation  of  finely  divided  elementary 

mercury) : 

Hg2Cl2  +  2  NH3  ->  HgNH2Cl  +  NH4C1  +  Hg° 


If  dilute  solutions  of  mercuric  chloride  are  used,  and  if  the  following  con¬ 
ditions  are  maintained,  no  reaction  is  given  by  even  large  quantities  of  the 
following  acids:  acetic,  glycolic,  lactic,  oxalic,  tartaric,  citric  m  ic.  ® 
fore,  the  test  is  recommended  for  detecting  formic  acid  (formates)  in  mixtures 
with  carboxylic  and  sulfonic  acids  (or  their  alkali  salts). 
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Procedure.  A  drop  of  the  acid,  neutral,  or  weakly  basic  test  solution  is  placed 
in  a  microcrucible  and^one  dhep  of  mercuric  chloride  solution  and  one  drop  of 
buffer  solution  are  added.  The  mixture  is  taken  to  dryness  in  the  hot  air  oven  at 
100°  (exclude  light).  The  evaporation  residue  is  taken  up  in  a  drop  of  water  and 
a  drop  of  dilute  ammonia  is  added.  According  to  the  formate  content,  a  more  or 
less  intense  black  to  grey  color  appears. 

Limit  of  Identification:^  y  formic  acid 

Dilution  Limit:  1  :  10,000 

Reagents:  1)  Mercuric  chloride,  10  %  solution 

2)  Buffer  solution :  1  ml  glacial  acetic  acid  and  1  g  sodium  acetate 
per  100  ml  water 

3)  Ammonia,  0.1  N 

This  method  revealed  5  y  formate  in  one  drop  of  saturated  sodium  oxalate 
solution.  This  corresponds  to  a  ratio  1  :  370. 


8.  Acetic  acid 

(1)  Test  with  lanthanum  nitrate  and  iodine  30 

When  lanthanum  salts  are  mixed  with  iodine  and  ammonia  in  the  presence 
of  acetic  acid  or  alkali  acetates,  under  suitable  conditions,  a  dark  blue  pre¬ 
cipitate  or  solution  results.31  The  effect  probably  is  due  to  the  adsorption  of 
iodine  on  basic  lanthanum  acetate ;  however,  this  occurs  only  on  a  suitable 
variety  of  this  substrate. 

Nitrates,  chlorides,  bromides,  and  iodides  do  not  interfere  with  the  de¬ 
tection  of  small  amounts  of  acetate,  even  when  present  in  30  to  40  times 
excess,  but  they  do  weaken  the  intensity  of  the  blue  color.  Sulfates,  however, 
interfere  in  relatively  small  amounts,  and  similarly  all  anions  that  form 
insoluble  salts  with  lanthanum  (e.g.,  phosphates),  and  all  cations  that  give 
precipitates  with  ammonia.  Sulfates  and  phosphates  may  be  removed  by 
precipitation  with  barium  nitrate  and  the  test  carried  out  on  the  filtrate. 

Propionates  react  similarly  to  acetates. 


Procedure.  A  drop  of  the  test  solution  is  mixed  on  a  spot  plate  with  a  drop 
of  a  solution  of  lanthanum  nitrate  and  a  drop  of  iodine  solution.  A  drop  of  ammo- 

h™!'  ;  anf  m  a  f6W  mmutes  (in  the  Presence  of  acetates)  a  blue  to  blue- 

brown  ring  develops  around  the  drop  of  ammonia.  32 

Limit  of  Identification:  50  y  acetic  acid 
Dilution  Limit:  1  :  2000 

Reagents:  1)  Lanthanum  nitrate,  5  %  solution 

2)  Iodine,  0.01  N 

3)  Ammonia,  1  N 
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[2)  Test  by  formation  of  indigo  33 

Acetone  is  formed  by  the  dry  distallation  of  calcium  acetate: 


HjC-COO 

HjC-COO 


>C 


a 


H.C. 

3  >C0  +  CaC03 

II3L/ 


When  acetone,  in  alkaline  solution,  is  allowed  to  react  with  o-nitrobenz- 
aldehyde,  indigo  is  formed,  with  intermediate  production  of  o-nitrophenyl 
lactic  acid  ketone  (see  page  160).  Starting  with  small  amounts  of  calcium 
acetate,  indigo  can  be  formed  by  the  action  of  acetone  vapor  on  reagent 
paper  impregnated  with  an  alkaline  solution  of  o-nitrobenzaldehyde.  In  this 
way,  acetic  acid  can  be  decisively  detected  in  the  presence  of  formic  acid 
and  all  the  mineral  acids.  It  is  interesting  to  note  that  acetone  vapor  obtained 
by  heating  acetone  or  acetone-water  mixtures  only  reacts  slowly  and  incom¬ 
pletely.  The  rapid  formation  of  indigo  in  this  test  is  due  to  the  fact  that 
the  acetone  vapor  formed  in  the  distillation  of  calcium  acetate  reaches  the 
nitrobenzaldehyde  at  a  higher  temperature  whereby  the  reactivity  is  raised. 

Propionic  acid  and  other  fatty  acids  cannot  be  detected  by  the  indigo 
reaction;  when  their  calcium  salts  are  subjected  to  dry  distillation,  higher 
ketones  (without  the  CH3CO  group)  are  formed,  but  no  acetone.  This  test 
is  less  sensitive  in  the  presence  of  other  fatty  acids  because  the  acetone  is 
mixed  with  higher  ketones  as  well  as  mixed  ketones,  which  are  the  chief 
products  in  the  distillation  of  the  calcium  salts. 

It  must  be  noted  that  the  acetic  acid  test  is  unsuccessful  in  the  presence 
of  large  amounts  of  copper  salts.  Chromates  and  manganese  dioxide  are, 
however,  without  effect. 


Procedure.  The  solid  sample  is  mixed  with  calcium  carbonate,  or  a  drop  of 
the  acid  solution  is  evaporated  to  dryness  with  calcium  carbonate.  The  residue 
is  transferred  to  the  hard  glass  tube  (Fig.  28)  described  on  page  41.  The  conver¬ 
sion  into  calcium  acetate  may  also  be  carried  out  in  the  ignition  tube.  1  he  open 
end  of  the  tube  is  covered  with  a  strip  of  filter  paper  moistened  with  a  freshly 
prepared  alkaline  solution  of  o-nitrobenzaldehyde.  T  he  glass  cap  is  put  in  place. 
The  strip  of  filter  paper  may  alternatively  be  kept  in  position  by  running  through 
it  a  thin  thread  of  glass  thickened  to  a  knob  at  one  end,  which  rests  on  the  paper 
and  keeps  it  weighted  down.  The  tube  is  then  hung  through  the  asbestos  plate 
and  gradually  heated.  The  acetone  vaporizes  and  colors  the  yellow  paper  blue  or 
blue-green,  according  to  the  amount  evolved.  When  very  small  amounts  of  ace¬ 
tate  are  involved,  it  is  advisable  to  remove  the  glass  cap  together  with  the  filter 
paper  after  the  distillation,  and  to  spot  the  paper  with  a  drop  of  hydrochloric 
acid.  The  original  yellow  color  of  the  paper  is  discharged  by  the  acid  so  that  the 
blue  of  the  indigo  shows  up  more  clearly  against  the  white  paper. 

Limit  of  Identification :  60  y  acetic  acid 
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Reagents:  1) 
2) 

3) 


Calcium  carbonate  (solid) 

o-Nitrobenzaldehyde,  saturated  solution  in  2  N  sodium  hydro¬ 
oxide 

Hydrochloric  acid  (1  :  10) 


(3)  Other  tests  for  acetic  acid 

(a)  The  acetaldehyde  formed  by  the  dry  distillation  of  a  mixture  of  ace¬ 
tate  with  Ca(OH)2  and  calcium  formate  may  be  identified  by  the  reaction 
with  5  %  sodium  nitroprusside  and  20  %  piperidine  (see  page  160). 34  The 
procedure  for  this  test  is  the  same  as  for  test  2  above  ( Idn .  Limit:  10  to  15  y 
acetic  acid). 

(b)  A  drop  of  acetate  solution,  that  is  exactly  neutralized,  may  be  identified 
by  the  formation  of  the  red-brown  complex  ferric  acetate  with  FeCl3  35 
(Idn.  Limit:  10  y  acetic  acid).  It  is  best  to  neutralize  acid  solutions  by  heating 
with  CaC03,  and  alkaline  solutions  by  heating  with  excess  Zn(N03)2  and  then 
filtering. 


L 


9.  Glycolic  acid 


(1)  Test  with  2 ,7 -dihydroxy naphthalene  and  sulfuric  acid  36 

When  glycolic  acid  (CH2OHCOOH)  is  heated  with  a  solution  of  2,7-dihy- 
droxynaphthalene  (I)  in  concentrated  sulfuric  acid,  a  violet  to  violet-red 
color  gradually  develops.  This  color  reaction  probably  depends  on  the  con¬ 
densation  of  the  formaldehyde  (split  off  from  the  glycolic  acid  by  the  action 
of  the  concentrated  sulfuric  acid)  with  the  2,7-dihydroxynaphthalene,  in  the 
position  ortho  to  one  of  the  OH  groups : 


The  colorless  product,  tetrahydroxydinaphthylmethane  (II),  dissolved  in 
sulfuric  acid,  is  gradually  oxidized  to  a  deep  red-violet  dyestuff,  whose  con¬ 
stitution  is  not  known.37  It  is  probable  that  (II)  is  oxidized  to  a  quinoidal 
compound  by  the  concentrated  sulfuric  acid  (compare  page  104) 

Neither  formic  acid,  acetic  acid,  oxalic  acid,  succinic  acid,  citric  acid 
enzoic  acid  nor  salicylic  acid  interferes  with  the  test.  Both  lactic  acid  * 
and  malic  acid  give  a  yellow  color  and  green  fluorescence  with  the  reagent 
wtoeas  tartan,  acd  gives  an  olive  to  dark  green  color.  Aldehydes  such  as 
salicylaldehyde,  amsaldehyde,  or  acetaldehyde  react  with  2.7-dthydroxy- 

A.  U  alS°  aPP“Cable  “  a  test  «*  “id  according  to  a  communication  from 
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naphthalene  similarly  to  formaldehyde,  with  formation  of  oxidizable  con¬ 
densation  products. 

Procedure.  A  drop  of  the  test  solution  is  mixed  in  a  micro  test  tube  with  2  ml 
of  the  reagent  solution  and  heated  for  10  to  15  minutes  in  a  water  bath.  A  red 
to  violet-red  appears,  according  to  the  amount  of  glycolic  acid  present. 

Limit  of  Identification:  0.2  y  glycolic  acid 

Dilution  Limit:  1  :  250,000 

Reagent:  2,7-Dihydroxynaphthalene,  0.01  g  dissolved  in  100  ml  concentrated 
sulfuric  acid 

A  freshly  prepared  reagent  solution  is  yellow,  with  a  green  fluorescence,  but 
both  color  and  fluorescence  disappear  on  heating  for  a  short  time,  or  after  stand¬ 
ing  overnight  in  a  stoppered  bottle.  The  reagent  is  gradually  colored  violet  by 
the  action  of  a  number  of  oxidizing  agents  (persulfates,  hydrogen  peroxide, 
chlorates,  and  chromates).  On  standing  for  a  number  of  hours  exposed  to  the  air, 
a  slight  red  to  violet-red  forms.  The  reagent  remains  colorless  while  being  heated 
for  30  minutes,  but  in  the  presence  of  formaldehyde  liberated  from  glycolic  acid, 
the  characteristic  color  develops  at  once. 

The  test  is  also  applicable  in  the  presence  of  citric  acid.  The  glycolic  acid 
can  be  detected  by  the  appearance  of  an  orange  to  orange-red  color  and  a 
green  fluorescence.  In  this  way,  1  y  glycolic  acid  may  be  detected  in  the 
presence  of  20,000  times  the  quantity  of  citric  acid. 


10.  Lactic  acid 


(1)  Test  with  p-hy  dr  oxy  diphenyl  and  sulfuric  acid  (color  test)  39 

When  lactic  acid  is  gently  warmed  with  concentrated  sulfuric  acid,  it 
decomposes  at  first  into  acetaldehyde  and  formic  acid: 

CH3CH(OH)COOH  ->  CH3CHO  +  HCOOH 


The  formic  acid  is  dehydrated  by  the  concentrated  sulfuric  acid: 


HCOOH  ->  HoO  +  CO. 


The  acetaldehyde  reacts  with  />-hydroxydiphenyl  (I),  probably  by  con¬ 
densation  at  the  position  ortho  to  the  OH-group,  and  forms  di-/>-hvdrox\ - 


diphenylethane  (II) : 
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In  sulfuric  acid  solution,  compound  (II)  is  oxidized  to  a  violet  material  of 
unknown  constitution.  Therefore,  analogous  to  the  detection  of  glycolic 
acid  by  means  of  2,7-dihydroxynaphthalene,  the  present  test  involves  an 
aldehyde-phenol  reaction  in  which  concentrated  sulfuric  acid  functions  as 
condensing  and  oxidizing  agent.  In  fact,  metaldehyde,  paraldehyde,  aldol, 
and  propionaldehyde  react  similarly  to  acetaldehyde  with  ^-hydroxydiphe- 
nyl  and  sulfuric  acid  to  give  deep  violet  products.  With  formaldehyde  the 
color  is  blue-green,  with  butyraldehyde  red,  and  with  heptyl  aldehyde 
orange.  Accordingly,  a-hydroxybutyric  acid  and  pyruvic  acid  give  the  same 
color  reaction  as  lactic  acid. 

Procedure.  A  drop  of  the  test  solution  and  1  ml  concentrated  sulfuric  acid 
are  heated  for  2  minutes  in  a  dry  test  tube  in  a  water  bath  at  85°.  After  cooling 
under  the  tap  to  28°,  a  pinch  of  solid  ^-hydroxydiphenyl  is  added,  the  mixture 
is  swirled  several  times,  and  left  to  stand  for  10  to  30  minutes.  The  violet  color 
appears  gradually  and  deepens  after  some  time.  A  blank  test  for  comparison  is 
advisable  when  small  quantities  of  lactic  acid  are  suspected. 

Limit  of  Identification:  1.5 y  lactic  acid 

Dilution  Limit:  1  :  100,000 

Reagents:  1)  Sulfuric  acid,  96  % 

2)  p-Hydroxydiphenyl  (solid) 

■  ( 2 )  Test  with  o-hy dr oxy diphenyl  and  sulfuric  acid  (fluorescence  test)  40 

The  acetaldehyde  formed  on  heating  lactic  acid  with  concentrated  sulfuric 
acid  can  also  be  identified  by  the  blue  fluorescence  with  o-hydroxydiphenyl. 
Formaldehyde,  metaldehyde,  paraldehyde,  aldol,  and  the  next  higher  homo¬ 
logs  of  the  aldehyde  series  behave  analogously  to  acetaldehyde.  Pyruvic 
acid  does  not  interfere.  The  chemical  basis  of  the  fluorescing  reaction  is  not 
known. 

Procedure.  A  drop  of  the  test  solution  is  mixed  with  a  crystal  of  o-hydroxy¬ 
diphenyl  and  0.5  to  1  ml  cone,  sulfuric  acid  in  a  dry  test  tube  and  heated  for  2 
minutes  at  85°  C.  in  a  water  bath.  It  is  then  examined  for  a  blue  fluorescence 
while  holding  the  test  tube  against  black  paper. 

Limit  of  Identification:  1  y  lactic  acid 

Dilution  Limit:  1  :  50,000 

Reagents:  1)  Sulfuric  acid,  96  % 

2)  o-Hydroxydiphenyl  (solid) 


ii.  Crlyceric  acid 


40 


(1)  Test  with  naphthor esorcinol  and  sulfuric  acid 
When  an  aqueous  solution  of  glyceric  acid  (I)  is  heated  with  concentrated 
blu^forms^  COntammg  a  llttle  dissolved  naphthoresorcinol  (II),  an  intense 
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CHOH 


COOH 

(I) 


OH 


(II) 


i  he  chemistry  of  this  color  reaction  is  unknown,  but  probably  it  can  be 
regarded  from  the  same  standpoint  as  the  aldehyde-phenol  reactions  for 
glycolic-  and  lactic  acid.  The  mono-  and  diphosphoric  esters  of  glyceric  acid 
behave  similar  to  the  free  alcohol  acid.41 

Glycolic  acid  and  glycocol  (glycine)  give  a  brown  color;  lactic,  a-  and 
/9-hydroxybutyric,  erythronic,  gluconic,  glyoxylic,  pyruvic,  levulinic,  malic, 
saccharic,  citric,  mesoxalic,  and  dihydroxytartaric  acid  do  not  react  under 
the  conditions  of  the  test.  Tartronic  and  quinic  acids  give  a  greenish  color, 
glucuronic  acid  a  yellow  color  with  a  greenish  fluorescence,  tartaric  acid  a 
green  to  blue-green  color,  and  malic  acid  a  yellow  color  and  a  blue  fluo¬ 
rescence.42 


Procedure.  A  drop  of  the  test  solution  is  mixed  with  0.75  ml  of  the  reagent 
solution  and  heated  for  30  to  50  minutes  in  a  water  bath  at  90°  C.  In  the  presence 
of  glyceric  acid  a  blue  color  appears,  which  is  light  or  dark  according  to  the 
amount  present. 

Limit  of  Identification:  10  y  glyceric  acid 

Dilation  Limit:  1  :  5000 

Reagent:  Naphthoresorcinol,  0.01  g  dissolved  in  100  ml  96  %  sulfuric  acid 


12.  Pyruvic  acid 

( 1 )  T est  with  o-hy dr oxy diphenyl  and  sulfuric  acid  after  reduction  to  lactic  acid 43 

Pyruvic  acid  can  be  reduced  to  lactic  acid  by  the  action  of  nascent 
hydrogen  (from  magnesium  and  acid) : 

CH3COCOOH  +  2  H°  ->  CH3CH(OH)COOH 

The  lactic  acid  formed  can  be  detected  by  conversion  to  acetaldehyde,  and 
the  subsequent  color  reaction  with  hydroxydiphenyl  and  sulfuric  acid 
(page  250).  The  higher  homologous  a-ketonic  acids  behave  similarly  to 

pyruvic  acid. 

Procedure.  A  drop  of  the  test  solution  is  placed  in  a  dry  test  tube.  A  little 
magnesium  powder  is  added  and  a  small  drop  of  sulfuric  acid  is  allowed  to  run 
down  the  wall  of  the  tube.  After  the  magnesium  has  dissolved,  a  crystal  of  o-hy- 
droxydiphenyl  and  0. 5  to  1  ml  concentrated  sulfuric  acid  are  added.  The  mixture  is 
heated  to  85°  C.  in  a  water  bath  for  2  minutes  and  observed  for  any  color 

reaction. 
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Limit  of  Identification:  3  y  pyruvic  acid 


Dilution  Limit:  1  :  16,600 
Reagents:  1)  Magnesium  powder 


2)  Sulfuric  acid,  concentrated 

3)  o-Hydroxydiphenyl  (solid) 


13.  Glyoxalic  acid 


(1)  Test  with  pyrogallolcarboxylic  acid  and  sulfuric  acid  44 

When  glyoxalic  acid  (I)  and  pyrogallolcarboxylic  acid  (II)  are  brought 
together  in  the  presence  of  excess  concentrated  sulfuric  acid,  a  blue  color 


develops.  The  chemistry  of  this  reaction,  which  is  specific  for  glyoxalic  acid. 


is  not  known.  Probably,  in  analogy  with  the  tests  for  glycolic,  lactic,  and 
glyceric  acid,  an  aldehyde-phenol  condensation  occurs  through  direct  partici¬ 
pation  of  the  aldehyde  group  of  the  glyoxalic  acid. 


OH 


OCH— COOH-HjO  or  (HO)aCHCOOH 


(I) 


COOH 


(II) 


Since  the  condensation  of  aldehydes  and  phenols  always  occurs  ortho  to 


a  phenolic  OH-group,  the  case  of  glyoxalic  acid  may  possibly  also  involve 
the  anhj/ drization  of  this  OH-group  with  the  COOH-group  of  the  glyoxalic 
acid  with  production  of  a  phenol  ester.  The  assumption  that  the  formation 
of  a  phenol  ester  plays  a  role  in  the  intense  color  effect  is  supported  by  the 
fact  that  formaldehyde,  propionaldehyde,  butyraldehyde,  isobutyraldehyde, 
isovalerianaldehyde,  and  aromatic  aldehydes  react  to  give  only  a  yellow 
color.  Formaldehyde  and  acrolein  yield  an  orange  coloration 
Mesoxalic  acid  [H02C-C0-C02HH20  or  H02C— C(0H)2-C02H]  be- 
aves  similarly  to  glyoxalic  acid,  which  can  be  ascribed  to  the  fact  that  the 

former  is  decomposed  by  concentrated  sulfuric  acid  into  carbonic  acid  and 
glyoxalic  acid: 

H2OC  CO  C02H-H20  ->  H20  +  C02  +  OCH— COOH 
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30  minutes  by  immersing  the  tube  in  warm  water  (40°).  A  dark  to  light  blue  color 
indicates  the  presence  of  glyoxalic  acid. 

Limit  of  Identification:  1  y  glyoxalic  acid 
Reagents:  1)  Pyrogallolcarboxylic  acid  (solid) 

2)  Sulfuric  acid,  concentrated 

Solutions  of  the  following  compounds  were  tested.  The  results  were: 

No  reaction:  arabinose,  dextrose,  saccharose,  urea,  hippuric  acid,  alloxan, 
alloxantin,  allantoin,  uracyl,  uric  acid,  diphenylamine,  glycolic 
acid,  lactic  acid,  a-  and  /?-hydroxybutyric  acid,  iso-butyric  acid, 
glyceric  acid,  gluconic  acid,  pyruvic  acid,  levulinic  acid,  oxalic 
acid,  malonic  acid,  tartronic  acid,  malic  acid,  tartaric  acid, 
citric  acid,  o,  m,  p-hydroxybenzoic  acid,  protocatechuic  acid 
Yellow  color:  glucuronic  acid 
Olive  green:  levulose 


(2)  Test  by  conversion  into  glycolic  acid  45 

Nascent  hydrogen,  generated  from  magnesium  powder  and  dilute  sulfuric 
acid,  reduces  glyoxalic  acid  to  glycolic  acid: 


OCHCOOH  +  2  H°  CH2(OH)COOH 

The  resulting  glycolic  acid  can  be  detected  by  the  delicate  test  with  2,7-di- 
hydroxynaphthalene  described  on  page  249.  Before  the  reduction  essential 
to  this  test  is  carried  out,  it  is  necessary  to  be  sure  that  no  glycolic  acid  is 
present.  Oxalic  acid  is  likewise  reduced  to  glycolic  acid  by  nascent  hydrogen 
(see  page  256).  In  order  to  test  for  and,  if  necessary,  to  remove  oxalic  acid, 
the  sample  solution  should  be  treated  with  several  drops  of  saturated  calcium 
sulfate  solution  in  order  to  precipitate  calcium  oxalate.*  The  reduction  to 
glycolic  acid  is  carried  out  in  the  filtrate  or  centrifugate. 

Procedure.  A  drop  of  the  test  solution  is  treated  in  a  semimicro  test  tube  with 
a  drop  of  sulfuric  acid  and  a  little  magnesium  powder.  After  the  metal  has  dissolv¬ 
ed,  two  milliliters  of  the  reagent  is  added  and  the  test  tube  kept  in  boiling  water 
for  15-20  minutes.  A  red  to  violet  color  develops  if  glyoxalic  acid  was  present. 


Limit  of  Identification:  0.5  y  glyoxalic  acid 
Dilution  Limit:  1  :  100,000 
Reagents :  1)  Sulfuric  acid,  1  N 

2)  Magnesium  powder 

3)  2, 7-Dihy droxynaphthalene :  0.01  g  dissolved  in  100  ml  con 
centrated  sulfuric  acid  (see  remarks  on  p.  250) 


*  Brief  heating  with  acetic  anhydride  completely  decomposes  (dehydrates)  oxalic  ^  fonmc 
acid  -  No  study  has  been  made  of  this  behavior  for  the  elimination  of  these  acids  in  the  course 

of  analysis. 
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(3)  Test  with  phenylhydrazine  and  oxidizing  agents  46 

If  glyoxalic  acid  is  warmed  with  phenylhydrazine  in  the  presence  of  mineral 
acids,  and  an  oxidizing  agent  (potassium  ferricyanide,  alkali  persulfate, 
hydrogen  peroxide,  etc.)  then  added  to  the  cold  reaction  mixture,  a  red 
color  appears.  The  mechanism  of  this  reaction  is  unknown.  It  seems  logical 
to  assume  that  two  reactions  of  phenylhydrazine  play  a  role,  namely:  the 
formation  of  glyoxalic  acid-phenylhydrazone  (I)  as  shown  in  ( 1 ) ;  and  the  con¬ 
version  of  phenylhydrazine  into  a  diazonium  salt  (II)  through  the  action  of 
the  particular  oxidant  as  shown  in  ( 2 ) : 

CHOCOOH  +  NH2NHC6H5  ->  C6H5NHN  =  CHCOOH  +  H20  (7) 

(i) 

C6H5NHNH2-HX  +  2  O  -*  C6H6— N=NX  +  2  H20  (2) 

(H) 

It  is  possible  that  the  red  water-soluble  compound  is  the  product  of  a 
coupling  of  (I)  and  (II)  and  has  the  structure  of  an  azo  compound: 


NH — N=C  HC  OOH 


The  color  reaction  with  phenylhydrazine  and  oxidants  appears  to  be 
specific  for  glyoxalic  acid.  Glyceric,  oxalic,  tartaric,  citric,  malonic,  and 
mandelic  acid  produce  no  change  in  a  mixture  of  phenylhydrazine  and  hy¬ 
drogen  peroxide  (or  other  oxidants).  On  the  contrary,  it  is  very  likely  that, 
under  the  conditions  of  the  test,  glycolic  acid  reacts  in  the  same  manner 
since  an  oxidation  to  glyoxalic  acid  can  occur: 


CH2OHCOOH  +  O  -►  CHOCOOH  +  HzO 

This  assumption  is  strengthened  by  the  fact  that  the  glyoxalic  acid  test  is 
posmve  when  applied  to  a  solution  of  oxalic  acid  which  has  been  reduced 

with  zinc  and  magnesium  and  which  assuredly  contains  glycolic  acid  (see 
iests  1  and  2  for  oxalic  acid,  page  256). 

stsr  -  "*  r  *t 

Limit  of  Identification:  1  y  glyoxalic  acid 
Dilution  Limit:  1  :  50,000 

Reagents:  1)  Phenylhydrazine  hydrochloride  1°/  solution  iwi  l 

2)  Hydrochloric  acid,  concentrated  (  Y  prePared) 

3)  Hydrogen  peroxide  (10  volume,  3  percent) 
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5 


(7)  Test  by  conversion  into  glycolic  acid  48 

Oxalic  acid  is  smoothly  reduced  to  glycolic  acid  by  nascent  hydrogen 
generated  from  magnesium  powder  and  dilute  sulfuric  acid: 


COOH 

I 

COOH 


CH2OHCOOH  +  H20 


The  glycolic  acid  can  then  be  identified  by  the  delicate  test  with  2, 7-di¬ 
hydroxy  naphthalene  and  concentrated  sulfuric  acid  (see  page  249).  Glyoxalic 
acid  is  likewise  reduced  by  nascent  hydrogen  to  glycolic  acid  (compare 
page  254).  However,  glyoxylic  acid  is  not  precipitated  by  calcium  sulfate 
solution  from  a  neutral  solution,  and  consequently  oxalic  acid  may  thus  be 
separated  beforehand  from  the  interfering  glyoxylic  acid.  Tartaric  acid  does 
not  interfere  with  the  test. 

Procedure.  The  calcium  salt  of  oxalic  acid  is  precipitated  from  a  neutral 
solution  by  the  procedure  employed  for  the  detection  of  oxalic  acid  in  the  pre¬ 
sence  of  tartaric  acid  and  other  anions  49.  The  well-washed  calcium  oxalate  is 
treated  on  the  filter  with  warm  2  N  sulfuric  acid,  and  a  drop  of  the  filtrate  is 
used  for  the  test.  The  drop  is  placed  in  the  bottom  of  a  dry  test  tube  and  a  little 
magnesium  powder  is  added.  When  the  metal  has  dissolved,  2  ml  of  the  reagent 
solution  is  added,  and  the  tube  is  kept  in  boiling  water  for  15  to  20  minutes.  A 
red  to  violet-red  appears  if  oxalic  acid  was  present. 

Limit  of  Identification:  1  y  oxalic  acid 

Dilution  Limit:  1  :  50,000 

Reagents:  1)  Calcium  sulfate,  hydrated  (gypsum),  saturated  solution 

2)  Sulfuric  acid,  1  N 

3)  Magnesium  powder 

4)  2, 7-Dihydroxynaphthalene,  0.01  g  dissolved  in  100  ml  concen¬ 
trated  sulfuric  acid  (compare  remark  on  page  250) 


(2)  Test  by  conversion  into  glyoxalic  acid  50 

The  reduction  of  oxalic  acid  by  nascent  hydrogen,  generated  from  metallic 
magnesium  or  zinc,  proceeds  in  two  stages.  Glyoxalic  acid  is  the  initial 
product,  and  then  further  reduction  converts  it  to  glycolic  acid: 

(COOH)2  +  2  H°  CHOCOOH  +  HaO  (7) 

CHOCOOH  +  2H°->  CH2OHCOOH  (-) 

A  solution  of  oxalic  acid  reduced  by  magnesium  or  zinc  plus  mineral  acid 
responds  not  only  to  the  glycolic  acid  reaction  described  in  Test  (7),  but  also 
to  the  glyoxalic  reaction  with  phenylhydrazine  and  hydrogen  peroxide  (see 
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page  255).  It  is  likely  that  we  are  dealing  here  not  solely  with  the  glyoxalic 
acid  produced  in  (7),  which  on  more  exhaustive  reduction,  if  even  then,  can 
be  present  only  in  minute  quantity.  Rather,  the  hydrogen  peroxide  required 
for  the  glyoxalic  acid  reaction  may  bring  about  a  reoxidation  of  glycolic  to 
glyoxalic  acid: 

CH2OHCOOH  +  O  -*  CHOCOOH  +  H20 


In  other  words,  when  the  glyoxalic  test  is  applied  to  a  reduced  oxalic  acid 
solution,  the  response  arises  from  the  reduction  products  of  both  ( 1 )  and  (2). 
A  test  for  oxalic  acid  can  be  based  on  this  fact ;  it  is  reliable  in  the  absence 
of  glyoxalic  or  glycolic  acid. 

The  test  can  be  applied  to  water-insoluble  oxalates,  a  circumstance  that 
can  serve  for  the  elimination  of  glyoxalic  and  glycolic  acids,  which  are  not 
precipitable  by  calcium  acetate.  Likewise,  esters  of  oxalic  acid  can  be 
detected  by  the  following  procedure,  provided  it  is  preceded  by  saponifica¬ 
tion  to  alkali  oxalate  by  means  of  alcoholic  alkali. 


Procedure. 61  The  test  is  conducted  in  a  depression  of  a  spot  plate.  A  drop  of 
hydrochloric  acid  (1  :  1)  and  a  granule  (about  0.4  g)  of  zinc  are  added  to  one 
drop  of  the  test  solution.  After  5  minutes,  any  unused  zinc  is  removed,  a  drop 
of  phenylhydrazine  hydrochloride  solution  added,  and  the  spot  plate  is  then  kept 
for  5  minutes  in  a  drying  oven  at  110°.  After  cooling,  a  drop  of  concentrated  hy¬ 
drochloric  acid  and  a  drop  of  3  per  cent  hydrogen  peroxide  solution  are  added 
Depending  on  the  quantity  of  oxalic  acid  that  was  present,  a  red  color  appears 
at  once,  or  a  pink  develops  after  3-4  minutes.  It  is  well  to  run  a  comparison  blank 
test  when  small  quantities  are  involved. 


Limit  of  Identification :  1  y  oxalic  acid 
Dilution  Limit:  1  :  50,000 
Reagents:  1)  Hydrochloric  acid  (1:1) 

Zinc,  metal 

Phenylhydrazine  hydrochloride,  1  %  solution  (freshly  prepared) 
Hydrochloric  acid,  concentrated 
Hydrogen  peroxide  (10  vol.,  3  percent) 


2) 

3) 

4) 
3) 


(3)  Test  by  formation  of  aniline  blue  52 
When  solid  hydrated  or  anhydrous  oxalic  acid  is  heated  to  240-250°  with 

serving  to  liberate  the  nv^hv  PilUbPaonc  aci(L  the  latter 

represented  by  the  condensation  reactionfm  and  (2) Tu"6  h’T  be 

tion  ( 3 ):  n°ns  (J)  and  ( 2 )  followed  by  oxida- 
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leuco  aniline  blue 

1  oxidation  (air) 


aniline  blue 


If  it  is  assumed  that  oxalic  acid  breaks  down  during  the  fusion  to  yield 
carbon  dioxide  and  formic  acid,  and  that  the  latter  is  reactive,  the  formation 
of  leuco  aniline  blue  can  be  represented: 53 


3  C6H5NHC6H5  +  HCOOH  ->  CH(C6H4NHC6H5)3  +  2  H20 

Formic,  acetic,  propionic,  tartaric,  citric,  succinic,  dihydroxymaleic, 
benzoic,  phthalic,  tricarballylic,  glycolic,  and  glyoxylic  acids  do  not  react 
under  the  conditions  of  the  experiment,  so  that  the  formation  of  aniline 
blue  in  the  reaction  with  diphenylamine  is  very  selective  for  oxalic  acid. 


Procedure.  A  tiny  crystal  of  the  sample  (a  solution  must  be  evaporated  to 
dryness)  is  melted  with  a  little  diphenylamine  in  a  micro  test  tube  over  a  free 
flame  After  cooling,  the  melt  is  taken  up  in  a  drop  of  alcohol;  a  blue  color  indi¬ 
cates  the  presence  of  oxalic  acid.  Under  the  same  conditions  a  blank  test  remains 

colorless. 

Limit  of  Identification:  5  y  oxalic  acid 
Dilution  Limit:  1  :  10,000 
Reagent:  Diphenylamine  (solid) 

If  oxalic  acid  is  to  be  detected  in  a  mixture  containing  other  anions, precrpt- 
tated  by  CaCl,  (sulfate,  sulfite,  fluoride,  tartrate,  or  racemate  ions)  it  is  advisabl 
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to  proceed  as  follows.  The  acetic  acid  solution  is  treated  with  CaCl2;  the  precipi¬ 
tate  is  then  collected  on  a  filter  or  in  a  centrifuge  tube,  and  freed  from  water, 
either  by  drying  or  by  washing  with  alcohol  and  ether.  A  little  of  the  precipitate 
is  mixed  with  diphenylamine  in  a  dry  test  tube,  then  syrupy  phosphoric  acid  is 
added,  and  the  tube  heated  over  a  free  flame.  This  causes  formation  of  calcium 
phosphate  and  liberation  of  oxalic  acid,  which  can  condense  to  aniline  blue  with 
the  diphenylamine.  The  liquid  turns  blue,  but  the  color  fades  on  cooling.  If  the 
melt  is  taken  up  in  alcohol,  a  brilliant  blue  solution  is  obtained.  If  taken  up  in 
water,  the  excess  diphenylamine  is  precipitated  and  colored  light  blue  by  absorp¬ 
tion  of  the  dye.  A  blank  test  that  has  been  treated  in  the  same  way  gives  a  pure 
white  precipitate  of  diphenylamine.  The  dye  can  be  extracted  from  the  aqueous 
solution  with  ether,  which  increases  the  sensitivity  of  the  reaction.  After  being 
left  for  a  long  time  the  test  that  has  been  extracted  with  ether  again  separates 
into  two  layers.  The  blue- violet  product  then  collects  in  the  ether-water  interface. 

The  oxalates  of  thorium  and  other  rare  earths,  which  can  be  precipitated  from 
mineral  acid  solution,  behave  similarly  to  calcium  oxalate. 

When  solid  esters  of  oxalic  acid  are  fused  with  diphenylamine,  they  too  form 
aniline  blue. 

It  must  be  remembered  that  oxidizing  materials  (both  inorganic  and  organic) 
must  be  absent  when  the  fusion  test  with  diphenylamine  is  used.  See  page  126. 


15.  Malic  acid 


54 


(1)  Test  with  fi-naphthol  and  sulfuric  acid 

A  bluish  fluorescence  is  produced  when  malic  acid  (I)  is  heated  with  con¬ 
centrated  sulfuric  acid  containing  a  little  ^-naphthol  (II).  The  chemistry  of 
this  reaction  is  not  yet  explained.  Probably  the  malic  acid  is  split  by  “the 
concentrated  sulfuric  acid  (phosphoric  acid  behaves  analogously)  to  produce 
an  aldehyde,  which  then  condenses  with  the  /ff-naphthol. 

HOCHCOOH 


HjCCOOH 

(I) 


i— OH 


(II) 


The  following  acids  do  not  interfere :  oxalic  tartaric  citric  •  • 

(after  the  calcium  sulfate  is  removed  bv^lte  ^  SUlfuriC  add  is  taken 

terial  is  treated  with  one  milliliter  of  thtW?  ^  centnfu£ing)-  The  test  ma- 

the  water  bath.  A  yellowTsh  color^  l  th  f 'iT  and  heated  ^fly  on 

was  present.  Y  °F  Wlth  a  bIue  fl^rescence  appears  if  malic  acid 
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When  dilute  solutions  of  malic  acid  or  its  salts  are  involved,  it  is  best  to  add  a 
little  oxalate  and  then  introduce  calcium  acetate.  The  precipitate  of  calcium 
oxalate  functions  as  collector  for  the  slight  quantities  of  calcium  malate.  The 
fluorescence  produced  by  the  action  of  /Tnaphthol  is  visible,  even  in  the  presence 
of  calcium  sulfate,  provided  the  quantity  of  malic  acid  is  not  exceedingly  small. 

Limit  of  Identification:  10  y  malic  acid 

Dilution  Limit:  1  :  5000 

Reagent:  Solution  of  0.0025  g  /9-naphthol  in  100  ml  of  96  %  sulfuric  acid 


16.  Tartaric  acid 


(1)  Test  with  sulfuric  acid  and  gallic  acid  55 

On  heating  calcium  tartrate  with  concentrated  sulfuric  acid,  containing 
a  little  gallic  acid,  a  blue  color  results,  which  is  blue-green  to  yellow-green 
when  only  very  small  amounts  of  tartrate  are  present.  This  reaction  depends 
on  the  fact  that  concentrated  sulfuric  acid  splits  tartaric  acid  (L)  and  pro¬ 
duces  glycol  aldehyde  (II): 

COOH  CHO 

I  I 

[CH(OH)],  — >  HjO  +  COj  4-  CO  +CH,OH 

I 

COOH 

(I)  db 


The  aldehyde  then  forms  a  colored  condensation  product  with  gallic  acid, 
C6H2(OH)3COOH.  The  concentrated  sulfuric  acid  probably  functions  as 
dehydrant  and  oxidant.  (Compare  the  Le  Rosen  test,  page  104.) 

Under  these  same  conditions,  colored  products  are  produced  also  by 
glycolic,  tartronic,  glyceric,  and  glyoxylic  acids,  and  also  formaldehyde,  and 
carbohydrate?.  No  color  is  formed  by  oxalic,  citric,  succinic,  lactic,  malic, 
cinnamic,  salicylic  acids  and  the  fatty  acids. 


Procedure.  A  very  small  sample  of  the  calcium  precipitate  is  used  for  this 
test.  It  should  be  filtered,  washed,  and  dried  on  a  hardened  filter  paper  (to 
avoid  interference  from  fibers  of  cellulose  which  also  react),  transferred  to  a  test 
tube,  treated  with  1  ml  of  the  reagent  solution,  and  heated  to  120°  to  150°  over 
a  free  flame  When  only  an  extremely  small  amount  of  the  calcium  precipitate 
is  available,  it  is  best  to  dissolve  it  on  the  filter  in  sulfuric  acid  and  to  use  a  drop 
of  the  filtrate  for  the  test.  The  following  colors  are  obtained  with  different  amounts 


of  tartaric  acid: 


4 

Reagents:  1) 
2) 


100  y  blue 
10  y  blue-green 
5  y  bluish  green 
2  y  yellowish  green 
sulfuric  acid 

ition  of  0.01  g  gallic  acid  in  100  ml  90  %  sulfuric  acid 
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(2)  Test  with  0,  0' -dinaphthol  and  sulfuric  acid  66 

A  green  fluorescence  appears  on  heating  tartaric  acid  with  concentrated 
sulfuric  acid  containing  0,  /T-dinaphthol : 


OH  OH 


The  following  acids  give  no  color  reaction  with  this  reagent :  lactic,  malic, 
a-hydroxybutyric,  /3-hydroxybutyric,  erythronic,  pyruvic,  levulinic,  oxalic, 
saccharic,  citric,  salicylic,  ra-hydroxybenzoic,  />-hydroxybenzoic,  proto- 
catechuic,  gallic,  a-,  0-  and  y-resorcylic,  pyrogallolcarboxylic,  quinic,  and 
cinnamic;  formaldehyde  and  carbohydrates  do  not  react. 

Various  colors  are  given  by:  glycolic  and  glyoxylic  acids  (red-brown  to 
brown),  glyceric  and  mesoxalic  acids  (gray),  gluconic,  glucuronic,  dihydroxy- 
tartaric,  tartronic,  and  malic  acids  (green). 

Procedure.  The  solid  sample  or  a  drop  of  a  solution  is  treated  with  a  little 
solid  0,  0  -dinaphthol  or  a  few  ml  of  a  solution  of  dinaphthol  in  concentrated  sul¬ 
furic  acid,  and  heated  for  half  an  hour  in  a  water  bath  at  85°  C.  When  tartaric 
acid  is  present,  a  more  or  less  strongly  luminous  green  fluorescence  gradually 
appears  during  the  heating,  and  deepens  on  cooling.  At  the  same  time,  the  violet 
fluorescence  of  the  reagent  itself  disappears. 


As  little  as  10  y  of  tartaric  acid  can  be  detected,  if  a  drop  of  the  test  solution  is 
eated  for  20  to  30  minutes  with  1-2  ml  of  the  reagent  solution,  and  0.05  g  tartaric 
acid  can  be  detected  in  the  presence  of  any  amount  of  oxalic  or  succinic  acids 
and  m  the  presence  of  1000  times  the  amount  of  citric  acid,  of  150  times  the 
amount  of  cinnamic  acid,  or  10  times  the  amount  of  malic  acid. 

Limit  of  Identification:  10  y  tartaric  acid 

Dilution  Limit:  1  :  5000 

Reagent:  0,0 -dinaphthol  (solid),  or  a  solution  of  0.05  g  in  100  ml  96  %  sulfuric 


17.  Citric  acid 


(7)  Test  by  conversion  into  ammonium  citrazinate  67 


amount  of  the  solid  acid.  The  following  test 
an  ammoniacal  solution  of  citrazinic  acid. 
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The  stages  in  the  conversion  of  citric  acid  to  the  fluorescent  ammonium 
salt  of  cirtazinic  acid  are:  the  treatment  of  citric  acid  (I)  with  thionyl 
chloride  to  form  aconitic  acid  chloride  (II) ;  this  is  converted  into  the 
triamide  (III)  by  boiling  with  ammonia;  this  compound  in  its  tautomeric 
form  (IV)  gives  off  ammonia  on  heating  with  80  %  sulfuric  acid,  the  ring 
closes,  and  the  acid  amide  group  in  the  middle  is  saponified.  The  product  is 
citrazinic  acid  (V),  and  on  the  addition  of  ammonia,  forms  the  fluorescent 
ammonium  salt  (VI) :  * 


COOH 

1 

COC1 

1 

CONHj 

| 

/  1  \ 

HjC  OH  CH2 

1  | 

SOC1, 

HjC  CH 

|  | 

NH, 

/V 

HjC  CH 

|  | 

HOOC  COOH 

(I) 

CIOC  COC1 

(II) 

HjNOC  CONH 

(HI) 

ft 

coonh4 

1 

COOH 

1 

CONH, 

HC  CH 

NH, 

HC  CH 

HC  CH 

II  1 

HOC  COH 

1  II 

H2N  NH 

II  1 

HO— C  C— OH 

II  1 

HOC  C— OH 

H.SO, 

XI  g  IN 

(VI)  (V)  (IV) 


It  can  be  assumed  that  the  fluorescence  is  not  due  exclusively  to  the 
formation  of  the  ammonium  salt  of  citrazinic  acid.  The  addition  of  excess 
ammonia  may  serve  primarily  to  bind  the  sulfuric  acid  necessary  to  convert 
(IV)  into  (V).  As  a  pyridinecarboxylic  acid,  citrazinic  acid  is  amphoteric 
since  it  can  form  soluble  salts  not  only  with  bases,  by  virtue  of  its  carboxyl 
group,  but  also  with  acids,  because  of  its  basic  cyclic  nitrogen  atom.  Salifi¬ 
cation  of  the  basic  portion  of  citrazinic  acid  causes  the  fluorescence  to 
disappear  (compare  Test  2). 

The  test  based  on  the  formation  of  fluorescent  ammonium  citrazinate  is 
characteristic  for  citric  and  aconitic  acid;  malic  and  tartaric  acid  do  not 
react  Intensely  fluorescing  materials  can  blanket  the  fluorescence  of 
ammonium  citrazinate.  In  such  cases,  it  is  best  to  precipitate  calcium  citrate 
along  with  the  calcium  salts  of  other  organic  acids  by  adding  calcium 
chloride  and  ammonia,  and  to  dissolve  the  collected  precipitate  in  dilute 
hydrochloric  acid.  This  latter  solution  can  then  be  tested  for  citric  acid. 

*  Apparently,  part  of  the  citric  acid  is  transformed  to  citrazinate  by  other  paths,  possibly 
involving  citryl  chloride  and  citramide.68 
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Procedure.  A  drop  of  the  test  solution  is  evaporated  to  dryness  in  a  micro¬ 
crucible  and  the  residue  treated  with  4  drops  of  thionyl  chloride  and  taken  to 
fumes.  About  8  drops  of  concentrated  aqueous  ammonia  are  then  added  and  the 
mixture  boiled  over  a  microburner  until  about  2  drops  of  liquid  remain  in  the 
crucible.  After  cooling,  6  drops  of  concentrated  sulfuric  acid  are  added  and 
heating  continued  until  sulfuric  acid  vapors  are  given  off.  The  contents  of  the 
crucible  are  washed  into  a  test  tube  and  madeammoniacal.  The  solution  is  exam¬ 
ined  in  ultraviolet  light  for  an  intense  blue  fluorescence. 

Limit  of  Identification:  1  y  citric  acid 
Dilution  Limit:  1  :  50,000 
Reagents:  1)  Thionyl  chloride 

2)  Ammonia,  concentrated 

3)  Sulfuric  acid,  concentrated 


(2)  T est  by  fusion  with  urea  69 

One  of  the  classic  methods  of  forming  citrazinic  acid  is  to  heat  the  triamide 
of  citric  acid.60  Ammonia  is  given  off  and  ring  closure  ensues: 

conh2  cooh 

I  I 

l\ 

OH  CH2 


H2C 

I 

H,NOC 


HC 


CH 


+  2  NHq 


CONH, 


HO— C 


C— OH 


"N 


S' 


The  triamide  of  citric  acid  appears  to  be  readily  formed  and  deamidated 
to  citrazinic  acid  by  simply  heating  a  mixture  of  citric  acid  and  urea  to 
180-200°. 61  This  assumption  is  supported  by  the  fact  that  the  resulting 
product  and  its  aqueous  solution  exhibit  the  same  blue  fluorescence  as  the 
ammomacal  solution  of  the  ammonium  citrazinate  formed  in  Test  1.  An 
essential  factor  for  the  formation  of  the  citric  triamide  may  be  the  fact  that 
when  urea  is  heated  from  its  melting  point  (132°)  to  temperatures  up  to  170° 
it  produces  biuret  and  ammonia: 


2  oc 


/NH2 


NH, 


NH, 


\NH, 


OC — NH— CO  +  NH, 


is  not  excluded  that  the  reaction  oath  vi,  tvT  a  1 the  Possibility 

j.u  r  path  via  the  amide  is  not  even  nprpscarv 
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heated  ammonia  on  molten  citric  acid  acid  (m.p.  153°)  with  loss  of  water 
and  ring  closure: 


COOH 


h2c 

HOOC 


,Cv 

OH  XCH, 
COOH 


+  NH. 


COOH 

I 

X. 


HC 
HO — I 


CH 


C— OH 


+  3  H.O 


‘N 


The  reaction  between  citric  acid  and  urea,  which  leads  to  fluorescent  citra- 
zinic  acid,  can  be  accomplished  with  small  quantities ;  it  occurs  on  heating 
to  150",  i.e.,  just  below  the  melting  point  of  citric  acid.  When  this  reaction 
is  used  analytically,  it  should  be  observed  whether  the  sample  has  a  self- 
fluorescence  and  note  should  be  taken  of  its  behavior  when  heated  to  150° 
without  addition  of  urea.  Tartaric  acid  in  quantities  less  than  500  y  shows 
no  fluorescence.  No  studies  have  been  reported  regarding  the  behavior  of 
other  hydroxy  acids.  It  may  be  expedient,  when  testing  for  citric  acid,  to 
make  the  simple  and  rapid  fusion  with  urea  first  and  if  the  result  is  positive, 
confirm  the  finding  by  means  of  Test  1.  A  further  check  resides  in  the  fact 
that  the  fluorescence  of  citrazinic  acid  is  quenched  on  the  addition  of  dilute 
mineral  acid.  The  blue  fluorescence  is  restored  by  adding  ammonia  to  the 
acid  solution. 

Procedure.  62  The  solution  to  be  tested  for  citric  acid  is  evaporated  to  dryness 
in  a  micro  test  tube.  Alternatively,  a  slight  quantity  of  the  solid  sample  may  be 
used.  About  100-200  milligrams  of  urea  is  added,  and  the  tube  is  kept  for  2 
minutes  in  an  oil  bath  heated  to  150°.  After  cooling,  the  solidified  melt  is  taken 
up  in  2  or  3  drops  of  water  and  examined  in  ultraviolet  light  for  fluorescence. 
A  blank  without  urea,  and  a  test  of  the  behavior  of  the  fluorescing  solution  after 
addition  of  dilute  hydrochloric  acid,  are  advisable. 

Limit  of  Identification:  2  y  citric  acid 

Dilution  Limit:  1  :  25,000 

Reagents:  1)  Urea  (solid) 

2)  Hydrochloric  acid  (1:5) 

It  is  very  remarkable  that  the  solid,  non-melting  alkali-  and  alkaline 
earth  citrates  likewise  yield  blue  fluorescent  products  when  subjected  to  this 
procedure  63.  Probably  alkali  or  alkaline  earth  salts  of  citrazinic  acid  are  pro¬ 
duced  through  solid  body  reactions.  Consequently,  the  fusion  reaction  with 
urea  can  be  employed  for  the  direct  identification  of  salts  of  citric  acid. 
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18.  Ethylenediaminetetraacetic  acid 

(1)  Test  by  masking  the  formation  of  nickel  dimethylgly oxime  * 

The  alkali  salts  of  ethylenediaminetetraacetic  acid  (I)  have  great  technical 
importance  as  water  softeners,  for  cleaning  iron  surfaces,  for  preventing  the 
precipitation  of  water-insoluble  soaps,  etc.65  These  actions  are  due  to  the 
fact  that,  in  accord  with  its  structure,  the  diamino  acid  is  a  powerful  complex- 
former.  Many  metal  ions  react  with  the  di-  or  tetra  alkali  salts  of  this  acid 
to  produce  water-soluble  alkali  salts  in  which  the  respective  metal  atom  is 
included  in  an  inner  complex  anion.  Anions  of  the  coordination  structure  (II) 
are  formed  with  bivalent  metals: 


h2c — CH, 

I  I 

HOOCH2C— N  N — CH2COOH 
HOOCH-jc/  ^CH-jCOOH 


(I) 


H2C- 


CH, 


-OOCHjC— N  N — CH,C  OO- 

/  \  ✓  \ 

H2C  Me  CH2 

I  /  \  I 

oc — o  o — CO 

(II)  Me  =  bivalent  metal 


The  concentration  of  free  Me+2  ions  is  so  slight  in  solutions  of  (II)  that 
hydroxy,  phosphate,  etc.  precipitations  do  not  occur.  Consequently, 
ethylenediaminetetraacetic  acid  or  its  anions  act  as  masking  agents 65a.  Since 
the  precipitation  of  red  Ni-dimethylglyoxime  is  prevented  when  (I)  or  its 
alkali  salts  are  added  to  solutions  of  nickel  salts,  a  convenient  test  for  (I) 
can  be  based  on  this  effect.  It  is  noteworthy  that  although  (I)  prevents  the 
precipitation  of  Ni+2  ions  by  dimethylglyoxime,  nevertheless,  when  the 
Ni-dimethylglyoximate  has  once  been  formed,  it  is  quite  resistant  to  ammo- 
macal  or  acetic  acid  solutions  of  the  alkali  salts  of  ethylenediaminetetraacetic 


Procedure. 66  Single  drops  of  the  dilute  nickel  salt  solution  are  placed  in 

added  t  depreSS7S  ‘  of  a  SPot  Plate>  and  a  dr°P  of  the  solution  to  be  tested  is 

one  drop  tfdime^  ,  7  ^  ^7  t0  °ther*  Then  °ne  droP  of  ammonia  and 
one  drop  of  dimethylglyoxime  solution  are  added  to  each.  A  distinct  precipitate 

ture  dimethy1S1y°xlmewill  appear  in  the  blank,  whereas  the  othe^mix- 

i  remain  unaltered  if  ethylenediaminetetraacetic  acid  is  present. 

imit  of  Identification:  1.7  y  ethylenediaminetetraacetic  acid 
Dilution  Limit:  1  :  29,500 

Reagents:  1)  Nickel  sulfate  (hexahydrate)  0.008  %  solution 
3)  Ammonia,  dilute 

3)  Dimethylglyoxime,  1  %  solution  in  alcohol 
acetic  acid!**  *  °“  &  method  for  the  Quantitative  determination  of  ethylenediaminetetra- 
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(2)  Test  by  prevention  of  the  formation  of  zinc-2>-hy dr oxy quinoline  68 

As  shown  in  lest  1,  ethylenediaminetetraacetate  ions  prevent  precipita¬ 
tion  and  color  reactions  of  numerous  bi-  and  tervalent  metal  ions,  because 
these  ions  are  included  in  water-soluble  chelated  compounds  of  this  masking 
agent.  A  similar  sequestering  action  also  affects  zinc  ions  with  respect  to  their 
precipitability  with  8-hydroxyquinoline  (oxine),  with  which  Zn+2  ions  normal¬ 
ly  give  a  light  yellow  precipitate  which  fluoresces  yellow  in  ultraviolet  light. 
(Compare,  detection  of  8-hydroxyquinoline,  page  274.)  If  zinc  oxinate  is 
dissolved  in  a  dilute  mineral  acid,  the  non-fluorescing  solution  yields  the  yellow 
fluorescing  salt  on  the  addition  of  ammonia.  However,  if  an  excess  of  ethylene- 
diaminetetraacetic  acid  is  introduced  prior  to  the  alkalization,  no  precipita¬ 
tion  occurs  and  consequently  there  also  is  no  fluorescence.  This  behavior 
permits  the  detection  of  ethylenediaminetetraacetic  acid  if  small  quantities 
of  zinc  oxinate  are  used. 

Procedure.  A  drop  of  the  test  solution  is  placed  in  a  depression  of  a  spot  plate, 
and  a  drop  of  water  in  an  adjoining  depression.  One  drop  of  the  solution  of  zinc 
oxinate  in  dilute  hydrochloric  acid  is  stirred  into  each.  A  drop  of  ammonia  is 
then  introduced.  A  vigorous  fluorescence,  which  is  clearly  visible  in  ultraviolet 
light,  appears  at  once  in  the  blank  test. 

Limit  of  Identification:  8  y  ethylenediaminetetraacetic  acid 

Dilution  Limit:  1  :  6,200 

Reagents:  1)  Solution  of  0.025  g  zinc  oxinate*  in  100  ml  dilute  hydrochloric  acid 
2)  Ammonia  (1:1) 


19.  Salicylic  acid  (and  Salicylic  esters) 

(7)  Test  by  conversion  into  fluorescent  alkali  salicylates 

Both  solid  and  dissolved  alkali  and  alkaline  earth  salts  of  salicylic  acid 
exhibit  a  strong  blue-violet  fluorescence  in  ultraviolet  light.  This  effect  can 
be  observed  even  with  minute  quantities,  provided  the  salicylate  is  present 
alone.  The  fluorescence  test  is  not  reliable  if  applied  directly,  say  by  alka¬ 
lizing  solutions  of  salicylic  acid,  since  the  alkali  salts  of  many  carboxylic 
acids  and  phenols,  as  well  as  numerous  other  organic  compounds,  fluoresce 
and  hence  interfere.  However,  salicylic  acid  can  be  separated  from  accom- 
panying  materials  by  converting  it  into  methyl-  or  ethyl  salicylate.  These 
esters  are  formed  by  heating  solutions  of  salicylic  acid  in  methyl-  or  ethy 
alcohol  with  concentrated  sulfuric  acid,  which  acts  to  remove  the  water 
produced  in  the  reaction : 

then  with  alcohol,  and  dried. 
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C6H4(OH)COOH  +  ROH  ->  CaH4(OH)COOR  +  HzO 

Although  these  esters  boil  at  223°  and  232°  respectively,  their  vapor 
pressures  at  room  temperature,  and  even  more  when  gently  heated,  are 
sufficient  to  permit  their  saponification,  in  the  gas  phase,  on  contact  with 
alkali  hydroxide  or  moist  magnesium  oxide : 


C6H4(OH)COOR  +  KOH  ->  C6H4(OH)COOK  +  ROH 

Salicylic  acid  can  also  be  separated  from  organic  admixed  materials,  to 
an  extent  adequate  for  qualitative  detection,  without  going  through  the 
esterification  step,  by  merely  heating  with  concentrated  sulfuric  acid.  In 
this  case,  the  loss  of  water  from  one  or  two  molecules  leads  to  the  salicyl 
anhydride  (I)  or  (II) : 


o 


(D  (II) 


The  vapor  pressure  of  this  sublimable  anhydride  (b.p.  200°)  is  sufficient  at 
130°  to  produce  fluorescent  salicylates  on  contact  with  caustic  alkali  solution 
or  magnesia  suspension. 

Starting  with  one  drop  of  test  solution,  the  esterification,  saponification, 
and  formation  of  anhydride  can  be  carried  out  in  simple  fashion  in  a  closed 

space,  salicylic  acid  can  be  detected  with  sensitivity  and  specificity  in 
this  way. 


Procedure.  The  apparatus  (Fig.  23,  page  40)  is  used.  A  drop  of  the  test  solu¬ 
tion  is  evaporated  to  dryness  in  the  bulb  (it  is  not  essential  to  evaporate  alcoholic 
so  utions).  A  drop  of  concentrated  sulfuric  acid  is  then  added.  The  knob  of  the 
s  opper  is  dipped  into  caustic  alkali  solution  or  a  water  suspension  of  magnesium 
o*,de  or  hydroxide.  The  stopper  with  the  hanging  drop  is  put  into  position  and 
e  closed  apparatus  is  placed  in  a  drying  oven  at  130°  for  5-10  minutes  (or  15 
minutes  for  very  small  amounts  of  salicylic  acid).  If  salicylic  acid  was  present 
salicylate  violet  fluorescence)  will  be  found  on  the  knob.  A  blank  is  imperative 
When  small  amounts  of  salicylic  acid  are  involved.  P 

Limit  of  Identification:  5  y  salicylic  acid 
Dilution  Limit:  1  :  10,000 
Reagents:  1)  Methyl  alcohol 

2)  Sulfuric  acid,  concentrated 

3)  Potassium  hydroxide,  3  %  solution 

4)  Magnesium  oxide 
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of  the  CH3CO-group  by  evaporation  with  dilute  caustic  alkali.  The  procedure 
can  also  be  applied  to  alkali  salts  of  salicylic  acid 

Esters  of  salicylic  acid  with  alcohols  and  phenols  are  liquids  or  solids  which, 
without  exception,  have  a  pleasing  odor,  a  fact  which  proves  that  they  have 
a  distinct  vapor  pressure  even  at  room  temperature.  Their  saponification 
can  be  accomplished  by  bringing  the  volatilized  ester  into  contact  with 
alkali  hydroxide  or  magnesium  oxide;  the  resulting  alkali-  or  magnesium 
salicylate  exhibits  fluorescence.  If  several  milligrams  of  a  salicylic  ester  are 
placed  in  a  microcrucible,  which  is  then  covered  with  a  disk  of  filter  paper 
impregnated  with  caustic  alkali  and  weighted  down  with  a  watch  glass,  a 
circle,  fluorescing  blue-violet,  will  develop  within  10-15  minutes  at  room 
temperature.  A  much  more  sensitive  test  for  salicylic  esters  is  to  place  a 
drop  of  the  ether  solution  in  the  apparatus  prescribed  above  (Figure  23)  and 
then  to  volatilize  the  ether  by  brief  immersion  in  boiling  water.  The  knob, 
carrying  a  drop  of  caustic  alkali  or  magnesium  oxide  suspension,  is  fitted 
into  place,  and  the  residual  ester  is  kept  at  130°  for  about  10  minutes.  The 
resulting  vapors  are  saponified  by  the  base  in  the  hanging  drop,  with  pro¬ 
duction  of  fluorescent  salicylate.  This  method  revealed: 


1  y  methyl  salicylate  (oil  of  wintergreen),  C6H4(OH)COOCH3 
1.5  y  phenyl  salicylate  (salol),  C6H4(OH)COOC8H5 


20.  Salicylaldehyde 


(7)  Test  by  conversion  into  yellow  fluorescing  alkali  phenolate  68 

Salicylaldehyde  (I)  is  sparingly  soluble  in  water,  but  it  dissolves  readily  in 
organic  liquids.  It  reacts  with  alkali  hydroxides  to  produce  water-soluble 
phenolates,  whose  yellow  color  in  daylight,  and  blue-green  fluorescence  in 
ultraviolet  light,  may  be  related  to  the  chelate  nature  of  the  salicylaldehyde 
(la)  and  its  alkali  salts  (II). 


^Na 


O 


o 


H 

(la) 


H 


(I) 


The  formation  of  alkali  salts  of  salicylaldehyde  (o-hydroxybenzaldehyde) 
occurs  instantly  if  a  drop  of  its  solution  in  water  alcohol,  ether  etc.,  is 
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which  is  so  dilute  that  no  visible  yellow  fleck  remains,  the  blue-green 
fluorescence  will  still  give  a  positive  result  down  to  a  dilution  of  1  : 1,000,000. 

The  color  of  the  yellow  alkaline  solutions  of  salicylaldehyde  is  discharged 
by  the  addition  of  mineral  acids,  and  the  fluorescence  also  disappears.  When 
shaken  with  ether,  the  aldehyde  quantitatively  enters  the  ether  layer.  The 
m-  and  ^-hydroxybenzaldehydes,  which  are  isomeric  with  salicylaldehyde, 
are  likewise  soluble  in  alkali  hydroxide  (the  ra-compound  with  honey-yellow 
color)  but  the  solutions  show  no  fluorescence  in  ultraviolet  light. 

The  test  for  salicylaldehyde  takes  advantages  of  the  fact  that  this  aldehyde 
(m.p.  2°)  has  a  distinct  vapor  pressure  even  at  room  temperature,  and  this 
increases  distinctly  when  the  material  is  moderately  warmed.  The  boiling 
point  is  197°.  Accordingly,  a  fluorescing  phenolate  is  formed  immediately 
when  the  vaporizing  aldehyde  comes  in  contact  with  alkali  hydroxide.  This 
test  for  salicylaldehyde  in  the  gas  phase,  though  less  sensitive  than  the  test 
with  dissolved  aldehyde,  is  specific  because  it  is  not  impaired  by  the  presence 
of  other  compounds  whose  alkaline  solutions  are  colored  or  fluorescent. 

Procedure.  One  drop  of  the  solution  in  ether,  or  some  other  readily  volatiliz¬ 
ed  solvent,  is  placed  in  a  microcrucible,  which  is  then  covered  with  a  disk  of 
filter  paper  impregnated  with  alkali  hydroxide.  A  small  watch  glass  is  placed  on 
the  filter  paper,  and  the  crucible  is  allowed  to  stand  at  25-50°  for  5-10  minutes. 
If  salicylaldehyde  is  present,  a  circle,  which  fluoresces  blue-green  under  the  ultra¬ 
violet  lamp,  is  formed. 

Limit  of  Identification:  0.5  y  salicylaldehyde 

Dilution  Limit:  1  :  100,000 

Reagent:  Potassium  hydroxide,  1  N 

Test  ( 1 )  and  also  Test  (2)  are  given  by  compounds  which  split  off  salicyl- 
a  dehyde  when  hydrolyzed  by  acids  or  when  heated.  Examples  are  salicyl- 
aldoxime  and  its  salts,  and  salicin  (page  364). 


(■ 2 )  Test  trough  conversion  into  fluorescing  salicylaldazine  69 

Salicylaldehyde,  dissolved  in  acetic  acid  or  alcohol,  quantitatively  reacts 
with  hydrazine  to  precipitate  the  whitish-yellow  salicylaldazine : 

H2NNH3  +  2  C,H4(OH)  CHO  ->C,H1(OH)CH  =  N-N=CH(OH)C.H1  +  2  H,0 

The  precipitation  occurs  also  from  mineral  acid  solutions  of  hydrazine 
$ul  ate,  it  is  complete  after  buffering  with  alkali  acetate.  The  precfpitating 
ability  of  salicylaldehyde  stands  in  sharp  contrast  to  the  lack  of  reactivitv 
observed  under  the  same  conditions  with  the  isomeric  m-  and  A-hydrox/ 

a  result  of  the  coordination  of  the  H-atom  of  the  phenolic  OH-grou™g> 
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OH 

qr  q 

H — C=N —  H— C=N— 

(III)  (IV)  (V) 

A  further  indication  of  the  singularity  of  the  chelation  is  the  fact  that 
only  the  salicylaldazine  exhibits  a  luminous  sulfur-yellow  fluorescence, 
whereby  traces  of  this  compound  may  be  detected. 

The  precipitation  of  salicylaldazine  provides  not  merely  a  sensitive  and 
specific  test  for  hydrazine  (Vol.  I,  page  223),  but  also  a  means  of  detecting 
salicylaldehyde.  If  one  drop  of  hydrazine  solution  containing  alkali  acetate 
is  treated  on  paper  with  a  drop  of  an  ether  solution  of  salicylaldehyde,  a 
yellow  fluorescent  fleck  results.  (When  slight  amounts  of  salicylaldehyde  are 
involved,  the  given  order  of  addition  must  be  observed.)  The  identification 
limit  is  1  y  salicylaldehyde.  It  is  better  to  take  advantage  of  the  vapor  ten¬ 
sion  of  salicylaldehyde,  as  in  Test  1,  and  to  accomplish  the  aldazine  forma¬ 
tion  from  the  gas  phase  of  this  aldehyde. 

Procedure.  One  drop  of  an  ether  solution  of  salicylaldehyde  is  placed  in  a 
microcrucible,  which  is  then  covered  with  a  disk  of  filter  paper  that  has  been 
moistened  with  hydrazine  sulfate  solution  containing  alkali  acetate.  A  watch 
glass  is  placed  on  the  paper  and  the  assembly  allowed  to  stand  for  5  minutes  at 
25-50°.  If  salicylaldehyde  is  present,  a  circle,  which  fluoresces  yellow  in  ultra¬ 
violet  light,  forms  on  the  paper. 

Limit  of  Identification:  1  y  salicylaldehyde 

Dilution  Limit:  1  :  50,000 

Reagent:  Cold  saturated  solution  of  hydrazine  sulfate  or  hydrochloride,  to 
which  several  grams  of  sodium  acetate  has  been  added. 


/V 

\A 


21.  Saligenin  (Salicyl  alcohol)  and  Salicin 

( i )  Test  by  conversion  into  salicylaldehyde  70 

When  saligenin  (I),  and  its  glucoside  salicin  (II),  are  warmed  with  a 
sulfuric  acid  solution  of  alkali  chromate,  the  CH,OH-group  is  oxidized  to 
-CHO  and  salicylaldehyde  is  produced.  In  the  case  of  salicin,  the  oxidation 
in  acid  solution  is  preceded  by  a  cleavage  of  the  glucoside. 
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The  resulting  salicylaldehyde  can  be  volatilized  by  the  procedure  given 
here  and  then  detected  through  reaction  with  hydrazine  or  alkali  hydroxide, 
which  produce  the  fluorescent  aldazine  or  the  fluorescent  alkali  salt  of 
salicylaldehyde. 

Procedure.  A  drop  of  the  test  solution  is  placed  in  a  microcrucible  and  eva¬ 
porated  in  a  drying  oven  at  110°.  Without  removing  the  crucible  from  the  oven, 
the  residue  is  treated  with  a  drop  of  a  sulfuric  acid  solution  of  chromate  which  has 
been  heated  to  about  80°.  The  crucible  is  immediately  covered  with  a  watch 
glass,  whose  lower  side  carries  a  disk  of  filter  paper  moistened  with  hydrazine  or 
a  caustic  alkali  solution.  The  covered  crucible  is  kept  in  the  oven  for  one  or 
two  minutes  and  the  reagent  paper  is  then  examined  in  ultraviolet  light.  The 
paper  impregnated  with  hydrazine  (caustic  alkali)  will  carry  a  fleck  which  fluoresc¬ 
es  yellow-green  (blue-green).  The  fleck  formed  on  hydrazine  paper  is  resistant  to 
dilute  acetic  acid;  in  contrast,  the  fleck  on  caustic  paper  disappears. 

Limit  of  Identification:  25  y  saligenin 

Dilution  Limit:  1  :  2,000 

Reagents:  1 )  Chromate  solution  in  sulfuric  acid;  10  ml  concentrated  sulfuric 
acid  is  added  to  10  ml  of  cold  saturated  solution  of  potassium 
bichromate,  and  diluted  to  40  ml  with  water. 

2)  Hydrazine  solution:  10  g  hydrazine  sulfate  and  10  g  sodium 
acetate  are  boiled  with  100  ml  water,  and  then  allowed  to  cool. 

3)  Potassium  hydroxide,  1  N 

4)  Acetic  acid,  6  N 

Another  test  for  salicin,  based  on  the  production  of  salicylaldehyde  by 
thermal  decomposition  is  given  on  page  364. 


22.  Sulfosalicylic  acid 

(7)  Test  with  methylenedi salicylic  acid  71 

When  methylenedisalicylic  acid  (I)  which  is  colorless,  water-insoluble  and 
melts  at  238  .  is  heated  to  120-150°  with  concentrated  sulfuric  acid  red 
quinoidal  formaurmdicarboxylic  acid  (II)  results: 


°C“TbeCaUr  the  concentrated  sulfuric  acid  functions  as  both 


oxidant  and  dehydrant.  The  production  of  the  red  formaurind" 
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acid  *  makes  possible  the  detection  of  slight  quantities  of  free  (unbound) 
sulfuric  acid  (as  little  as  2.5  y  in  drops).73 

5-Sulfosalicylic  acid  behaves  toward  methylenedisalicylic  acid  in  the  same 
manner  as  concentrated  sulfuric  acid,  a  fact  which  at  first  glance  is  not 
comprehensible.  However,  it  has  long  been  known  that  salicylic  acid  and 
phenol  are  produced  when  sulfosalicylic  acid  is  heated  above  its  melting 
point  (120°). 74  Obviously,  sulfur  trioxide  is  produced  when  these  two  pro¬ 
ducts  are  formed  and  it  behaves  like  concentrated  sulfuric  acid  with  respect 
to  dehydrating  and  oxidizing  effects.  It  is  noteworthy  that  the  formation 
of  the  red  formaurindicarboxylic  acid  occurs  even  when  a  colorless  mixture 
of  powdered  salicylic  acid  and  methylenedisalicylic  acid  is  heated  to  110° 
for  a  short  time,  or  when  a  little  solid  methylenedisalicylic  acid  is  added  to 
fused  salicylic  acid.  Consequently,  it  appears  that  formaurindicarboxylic  acid 
can  result  from  a  reaction  between  two  solids,  or  a  solid  and  a  melt,  or  a  solid 
with  a  gas.  The  fusion  reaction  predominates  under  the  conditions  of  the 
present  test. 

When  applying  the  test  with  methylenedisalicylic  acid,  it  should  be  noted 
that  many  aromatic  sulfonic  acids  react  in  analogous  fashion  as  concentrated 
sulfuric  acid  and  sulfosalicylic  acid,  i.e.,  they  cause  production  of  formaurindi¬ 
carboxylic  acid  (see  page  184).  The  procedure  given  here  is  particularly 
useful  as  a  convenient  method  of  distinguishing  between  salicylic  and 
sulfosalicylic  acid.  This  is  not  possible  with  the  ferric  chloride  color  reaction 
because  the  latter,  as  a  general  phenol  test,  is  not  characteristic. 

Procedure.  A  drop  of  the  test  solution  is  treated  in  a  porcelain  microcrucible 
with  several  milligrams  of  methylenedisalicylic  acid.  The  mixture  is  taken  to 
dryness  and  the  residue  kept  in  an  oven  at  150°  for  three  minutes.  According  to 
the  quantity  of  sulfosalicylic  acid,  the  residue  will  be  red  or  pink.  A  blank  is 
advisable  when  small  amounts  are  suspected. 

Limit  of  Identification:  10  y  sulfosalicylic  acid 

Dilution  limit:  1  :  5,000 

Reagent:  Methylenedisalicylic  acid  75 

(2)  Test  by  conversion  to  salicylic  acid  76 

As  stated  in  Test  1,  phenol  as  well  as  salicylic  acid  is  formed  when  fused 
sulfosalicylic  acid  (m.p.  120°)  is  heated.  The  salicylic  acid  sublimes  and  can 
be  detected  through  the  action  of  the  vapors  on  magnesium  oxide,  because 
magnesium  salicylate  is  formed  and  it  fluoresces  blue  in  ultraviolet  light  (see 
page  266).  It  has  been  found  that  the  melt  of  sulfosalicylic  acid  must  be  heated 
to  at  least  170°  if  detectable  quantities  of  salicylic  acid  are  to  be  produced 

*  Formaurindicarboxylic  acid  was  prepared77  by  oxidation  of  methylenedisalicylic  acid  with 
nitrosylsulfuric  acid  (cone.  H2SQ4  plus  crystals  of  KNO,). 


References  pp.  324-328 


23 


CARBOLIC  ACID 


273 


rapidly  enough.  It  is  best  to  heat  to  higher  temperatures  and  to  employ 
freshly  precipitated  magnesium  hydroxide  to  bind  the  sublimed  salicylic 
acid. 

Obviously  this  test  for  sulfosalicylic  acid  is  not  applicable  in  the  presence 
of  salicylic  acid.  The  latter  can  be  tested  for  as  described  on  page  266,  since 
sulfosalicylic  acid  does  not  interfere,  because  the  temperature  prescribed  is 
below  the  decomposition  temperature  of  sulfosalicylic  acid. 

If  salts  of  sulfosalicylic  acid  are  involved,  the  dry  test  material  should  be 
heated  with  syrupy  phosphoric  acid  until  vitreous  phosphorus  pentoxide 
remains. 


Procedure.  The  apparatus  (Fig.  23)  described  on  p.  40  is  used.  A  drop  of  the  test 
solution  is  evaporated  to  dryness  in  the  bulb,  or  a  little  of  the  solid  is  introduced. 
The  knob  of  the  stopper  is  supplied  with  a  drop  of  a  suspension  of  magnesium 
hydroxide;  the  apparatus  is  closed,  and  a  flame  (microburner)  is  applied  to  the 
bottom.  After  cooling,  the  suspended  drop  is  wiped  on  to  a  strip  of  filter  paper 
and  viewed  in  ultraviolet  light.  If  sulfosalicylic  acid  is  present,  a  blue  fluorescing 
fleck  will  be  seen  on  the  paper.  It  is  advisable  to  conduct  a  comparison  test  with 
a  drop  of  the  magnesium  hydroxide  suspension  -when  very  small  quantities  of 
sulfosalicylic  acid  are  being  sought. 

Limit  of  Identification:  1.5  y  sulfosalicylic  acid 

Dilution  Limit:  1  :  33,000 

Reagents:  1)  Magnesium  hydroxide  suspension:  30ml  of  10  %  solution  of 
crystallized  magnesium  sulfate  is  treated  with  2  ml  of  5  AT  so¬ 
dium  hydroxide 
2)  Phosphoric  acid,  syrupy 


23.  Carbolic  acid 


(7)  Test  by  conversion  into  salicylaldehyde  77 

When  many  phenols,  including  carbolic  acid,  are  warmed  with  caustic 
alkali  and  chloroform,  a  CHO-  group  is  introduced  ortho  to  the  OH-  group 
(compare  page  135).  Accordingly,  salicylaldehyde  results  from  carbolic  acid 


—OK 


+  CHCL  +  3  KOH 


—OK 

—CHO  +  3  KC1  +  2H20 


The  salicylaldehyde  can  then  be  detected  by  taking  advantage  of  its  con 

r  aS  yl“  tteX 7  ^ 

reacts  with  alkali  and  the  fluorescent  alkali  salt  u  V  ,7  Vap°r 
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Procedure.  A  drop  of  the  alkaline  test  solution  is  placed  in  a  microcrucible 
and  evaporated  at  110°  in  a  drying  oven.  Ten  or  fifteen  drops  of  chloroform  are 
added  to  the  dry  residue;  the  chloroform  is  removed  in  a  water  bath  (about  80°), 
and  the  treatment  with  10-15  drops  of  chloroform  is  repeated.  A  drop  of  sulfuric 
acid  is  added  to  the  residue,  and  the  crucible  is  covered  with  a  watch  glass,  whose 
lower  side  carries  a  disk  of  filter  paper  moistened  with  hydrazine  solution  or 
caustic  alkali.  The  covered  crucible  is  kept  in  the  drying  oven  at  1 10°  for  a  minute 
or  two,  and  the  paper  is  then  examined  in  ultraviolet  light.  A  fleck  which  fluores¬ 
ces  yellow-green  appears  if  hydrazine  paper  was  used,  whereas  the  fluorescence 
hue  is  blue-green  if  caustic  alkali  paper  was  employed.  The  fleck  on  the  hydraz¬ 
ine  paper  is  not  affected  by  dilute  acetic  acid;  whereas  the  stain  produced  on  the 
caustic  alkali  paper  disappears  when  treated  with  dilute  acetic  acid. 

Limit  of  Identification:  50  y  carbolic  acid 

Identification  Limit:  1  :  1000 

Reagents:  1)  Potassium  hydroxide,  1  N 

2)  Chloroform 

<3)  Hydrazine  solution:  10  g  hydrazine  sulfate  and  10  g  sodium 
acetate  are  boiled  up  with  100  ml  water. 

4)  Acetic  acid,  6  N 

24.  8-Hydroxyquinoline 

(1)  T est  by  chemical  adsorption  from  the  vapor  phase  on  alumina  or  magnesia 78 

8-Hydroxyquinoline  (I),  usually  known  as  oxine,  is  widely  used  to  pre¬ 
cipitate  metal  ions  from  acetate-buffered  or  tartrated  ammoniacal  solutions.79 
The  resulting  metal  oxinates  are,  for  the  most  part,  soluble  in  organic  liquids. 
They  are  inner  complex  salts  of  the  coordination  formula  (II): 


Most  metal  oxinates  of  this  structure  are  yellow  to  green-yellow.  As  solids, 
or  dissolved  in  organic  liquids,  they  have  a  strong  yellow  to  blue-green 
fluorescence.  It  is  highly  probable  that  the  fluorescence  is  related  to  the 
formation  of  salts  of  the  amphoteric  oxine  (see  page  137).  This  idea  is  supported 
by  the  fact  that  not  only  metal  oxinates  but  also  practically  all  anhydrous 
salts  of  oxine  with  inorganic  and  organic  acids  fluoresce  powerfully  in  solid 
form  (but  not  in  aqueous  solution)  80,  whereas  oxine  itself  exhibits  no 
fluorescence  either  as  solid  or  in  solution.  However,  there  is  a  salt-like 
binding  of  oxine  to  metal  atom  not  only  when  formula-pure  oxinates  precipi¬ 
tate  but  also  when  slight  quantities  of  oxine  are  chemically  adsorbed  on  the 
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8-hydroxyqui  no  line 

surface  of  metal  oxides.  In  other  words,  metal  oxides  (oxyhydrates  and 
hydroxides)  on  contact  with  oxine  dissolved  in  water  or  organic  liquids,  are 
brought  to  fluoresce  with  the  same  hue  as  is  displayed  by  the  corresponding 
metal  oxinate.80a  The  chemical  adsorption  of  oxine  on  solid  aluminum 
hydroxide  (and  analogously  for  A1203,  MgO,  ZnO,  etc.)  can  be  schematically 
represented  as  a  surface  reaction : 

[Al(OH)3]x  +  HOx  ->  [A1(OH)3]x.1  •  A1(OH)2Ox  +  H20  ( 1 ) 

yellow  fluorescence 


If  A1203,  MgO,  ZnO,  etc.  is  placed  next  to  some  solid  oxine  and  covered 
with  a  watch  glass,  the  oxide  begins  to  fluoresce  vigorously  within  a  few 
minutes.  The  cause  of  this  effect  is  that  oxine,  which  melts  at  79°,  has 
sufficient  vapor  pressure  even  at  room  temperature  to  bring  oxine  vapor  into 
contact  with  the  oxide.  The  surface  reaction  just  represented  schematically 
occurs  under  these  conditions  and  fluorescence  ensues.  This  adsorption  on 
metal  oxide  of  oxine  derived  from  the  vapor  phase  serves  as  the  basis  of  the 
following  test,  which  is  strictly  specific  for  oxine.  Its  derivatives,  such  as 


trichloro-  and  tribromo-  as  well  as  sulfonated  8-hydroxyquinoline,  which 
have  the  same  reactive  group  as  the  parent  compound,  do  not  exert  enough 
vapor  pressure,  even  when  heated  to  150°,  to  be  adsorbed  from  the  vapor 
phase.  However,  these  derivatives  of  oxine  can  be  adsorbed  on  metal  oxides 
from  their  solutions  in  water  or  organic  liquids,  and  can  be  detected  in  this 
way  by  the  formation  of  fluorescent  products  (see  page  137). 

Free  oxine,  which  volatilizes  to  a  noticeable  degree  even  at  room  tempera¬ 
ture,  must  be  present  if  fluorescence  is  to  be  produced.  It  is  easily  soluble  in 
alcohol,  ether,  chloroform,  etc.;  the  solubility  in  water  is  around  0.06 g  per 
100  ml.  In  its  water-soluble  salts  with  alkalies  and  mineral  acids,  oxine  does  not 
have  adequate  vapor  pressure  to  be  adsorbed  from  the  vapor  space.  If 
therefore,  oxine  is  to  be  detected  in  water  solutions  of  its  salts,  where  perhaps 
i  is  accompanied  by  free  alkali  or  free  acid,  the  oxine  must  be  set  free  and 
the  water  removed  prior  to  making  the  fluorescence  test.  When  a  drop 
reaction  is  carried  out,  the  water  can  be  bound  sufficiently  by  adding 
anhydrous  sodium  sulfate  (conversion  to  Na2SO4-10HX>).  Oxine  can  be 
erated  from  acid  solutions  by  adding  ammonium  carbonate.  If  alkaline 
utions  are  presented  for  examination,  they  should  be  acidified  first  of  all 

°f  °Xlne  the  -  P-*  « 

page  40  (Fig.  aI  0^X0^^'  °" 

a  thick  paste  of  the  oxide  in  water  and  th™  i  •  3  Mg°  by  dlPPinS  lt  int<> 

O-  chloroform  Solut,on  to 
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apparatus,  and  the  main  portion  of  the  solvent  is  evaporated  by  plunging  the 
bulb  once  into  boiling  water.  T  his  step  is  unnecessary  when  alcohol  solutions  are 
being  tested.  The  apparatus  is  then  closed  with  the  stopper  carrying  the  adsor¬ 
bent  and  placed  for  five  minutes  in  an  oven  at  1 10°.  The  stopper  is  then  examined 
under  a  quartz  lamp.  When  dealing  with  water  solutions  of  oxine  or  its  salts,  a 
drop  is  placed  in  the  apparatus  and  about  0.5  g  anhydrous  sodium  sulfate  added 
to  bind  the  water.  If  it  is  necessary  to  liberate  the  oxine  from  its  salts,  ammonium 
carbonate  should  be  added  (see  p.  275)  before  the  sodium  sulfate.  When  A1203 
or  MgO  serves  as  the  adsorbent,  the  presence  of  oxine  is  indicated  by  a  yellow- 
green  fluorescence  in  ultraviolet  light.  Comparison  with  a  blank  test  is  advisable 
when  the  fluorescence  is  weak. 

Limit  of  Identification:  0.25  y  8-hydroxyquinoline 

Dilution  Limit:  1  :  200,000 

Reagents:  1)  Magnesium  oxide,  aluminum  oxide 

2)  Sodium  sulfate,  anhydrous 

3 )  Ammonium  carbonate  (solid) 


25.  Pyrocatechol 

(1)  Test  with  metaldehyde  81 

On  treatment  with  metaldehyde  in  approximately  74  %  sulfuric  acid 
pyrocatechol  gives  a  red-violet  to  pink  color.  The  chemistry  of  this  color 
reaction  is  not  known.  The  action  of  the  concentrated  sulfuric  acid  may 
produce  a  phenol-aldehyde  condensation  which  is  followed  by  oxidation  to  a 
quinoid  compound.  Compare  the  Le  Rosen  test,  page  104. 

The  following  information  is  available  concerning  the  behavior  (color 
reaction)  of  other  aromatic  hydroxy  compounds  toward  metaldehyde  and 
sulfuric  acid:  phenol,  gradual  greenish;  orcinol,  yellow  to  reddish;  hydro- 
quinone  and  oxyhydroquinone,  yellow;  guiacol,  red;  veratrol,  red,  a-  and 
/S-naphthol,  yellow;  1,3-dihydroxynaphthalene,  yellow;  2,7-dihydroxy- 
naphthalene,  orange-red;  1,8-dihydroxynaphthalene,  no  reaction;  2,3-di- 
hydroxynaphthalene  (in  water  solution)  no  reaction ;  protocatechualdchy  e, 
2-hydroxy-3-methoxy-benzaldehyde,  vanillin,  veratrolaldehyde,  piperonal, 
yellow;  2,3,4-trihydroxybenzaldehyde,  yellow  to  reddish-yellow;  salicy  ic 
acid,  protocatechu  ic  acid,  gallic  acid,  pyrogallic  acid,  quinic  acid,  3,4-di- 
hydroxycinnamic  acid,  no  reaction. 

Procedure.  A  drop  of  the  aqueous  test  solution  is  treated  on  a  spot  plate  with 
a  little  metaldehyde  and  one  milliliter  of  sulfuric  acid.  The  mixture  is  stirred  with 
a  glassed.  Depending  on  the  quantity  of  pyrocatechol.  a  violet  or  red  color 
appears  immediately  or  after  several  minutes. 

Limit  of  Identification:  4  y  pyrocatechol 

Dilution  Limit:  1  :  12,500 

Reagents:  1 )  Metaldehyde  (solid) 

2)  Sulfuric  acid,  74  per  cent 
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(2)  Test  with  phloroglucinol 83 

If  solid  phloroglucinol  and  caustic  alkali  are  added  to  a  water  solution  of 
pyrocatechol,  a  green  to  blue-green  color  appears,  which  is  stable  for  some 
time.  The  chemical  basis  of  this  color  reaction  is  not  known. 

The  behavior  of  other  aromatic  hydroxy  compounds  toward  alkaline 
phloroglucinol  has  been  reported  as:  phenol,  resorcinol,  orcinol,  guiacol, 
veratrol,  a-  and  ^-naphthol,  1,8-,  2,3-,  and  2,7-dihydroxynaphthalene, 
vanillin,  veratraldehyde,  piperonal,  salicylic  acid,  quinic  acid,  no  reaction; 
hydroquinone,  yellow-red  to  orange;  pyrogallol,  brownish  to  brown-red; 
naphthoresorcinol,  reddish-yellow;  2,6-dihydroxynaphthalene,  light  orange- 
violet  ;  2-hydroxy-3-methoxybenzaldehyde,  yellow;  guiacolaldehyde,  yellow; 
protocatechualdehyde,  yellow-gradually  olive-brown;  2,3,4-trihydroxy- 
benzaldehyde,  olive-green  turning  brown  to  red-brown ;  protocatechuic  acid, 
yellow-green,  later  red-brown;  3,4-dihydroxycinnamaldehyde,  green-yellow, 
later  red-yellow;  3,4-dihydroxyphenylalanine,  transient  greenish-yellow, 
then  yellow. 

Procedure.  One  drop  of  the  aqueous  test  solution,  in  a  small  test  tube,  is 
treated  with  a  little  solid  phloroglucinol,  'washed  down  with  several  drops  of 
water  and  the  mixture  is  then  rendered  alkaline  by  shaking  with  a  drop  of  so¬ 
dium  hydroxide  solution.  The  total  volume  should  be  about  0.5  milliliter.  De¬ 
pending  on  the  quantity  of  pyrocatechol  present,  a  green  or  blue-green  color 
appears  immediately  or  within  a  minute  or  two. 

Limit  of  Identification:  0.5  y  pyrocatechol 

Dilution  Limit:  1  :  100,000 

Reagents:  1)  Phloroglucinol  (solid) 

2)  Sodium  hydroxide,  1  N 


26.  Resorcinol 

(1)  Test  with  Pyrocatechol  and  alkali  hydroxide  84 

If  a  dilute  aqueous  solution  of  resorcinol  is  treated  with  solid  pyrocatechol 
and  dilute  sodram  hydroxide,  a  transient  blue-green  color  appears  and  then 
gradua  y  a  pink  to  violet-red  color  develops  on  the  surfaced  the  solution 

of  th  \  pr°gressl"§  downward  and  increasing  in  intensity.  The  production 
o  the  red  color  is  characteristic  for  the  presence  of  resorcinol.  The  chemica" 
basis  of  this  color  reaction  is  not  known.  cnemical 

PvroeaUol  fl!!i  1  ‘ra"sient  oli™-green,  going  to  brownish  on  standing- 

on  sfandLl  lT  “  gTmsh  the"  oIive-yellow,  and  brownish 

drov  h  a  g'  phlor°Slucmo1.  permanently  olive-green  to  blue-ereen-  hv- 

on  standing  phenol0””? and  ,°rang®:^llowish  to  u§h‘  brownish 

k  P  '  '  and  **  ‘dihydroxydiphenol,  a-  and  /3-naphthol, 
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a,a  "  an<^  -dinaphthol,  1,8-  and  2,7-dihydroxynaphthalene,  no  reaction; 
naphthoresorcinol,  olive-greenish;  4-(n-hexyl)-resorcinol,  transient  blue- 
green,  on  the  surface  an  olive-green  ring,  which  is  unchanged  even  after 
5  minutes;  2,4-dihydroxybenzaldehyde,  transient  weak  green,  becoming 
weakly  orange-yellowish  on  standing;  2,3,4-trihydroxybenzaldehyde, 
greenish-yellow,  olive-yellow;  2,4,6-trihydroxybenzaldehyde,  yellow,  green, 
blue-green,  olive  green,  and  an  olive-green  ring;  benzoic  acid,  salicylic  acid, 
m-  and  ^-hydroxybenzoic  acid,  protocatechuic  acid,  o-phthalic  acid, 
1-hydroxy- 2-naphthoic  acid,  no  reaction.  The  following  additional  color 
changes  were  observed:  a-resorcylic  acid  gradually  becomes  green,  on 
standing,  a  greenish-yellow  ring;  /3-resorcylic  acid,  transient  olive-greenish, 
then  the  upper  half  of  the  liquid  slowly  turns  weak  orange-pink ;  2,4,6-tri- 
hydroxybenzoic  acid,  olive-greenish,  green,  blue-green,  and  a  blue-green  ring. 

Procedure.  One  drop  of  the  aqueous  test  solution  is  treated,  in  a  small  test 
tube,  with  some  solid  pyrocatechol  and,  with  shaking,  made  up  to  2  milliliters 
with  water.  One  drop  of  sodium  hydroxide  is  then  added,  the  mixture  is  swirled 
once,  and  then  allowed  to  stand  quietly.  The  appearance  of  a  pink  to  violet-red 
color  in  the  upper  half  of  the  liquid  indicates  the  presence  of  resorcinol. 

Limit  of  Identification:  1  y  resorcinol 

Dilution  Limit:  1  :  50,000 

Reagents:  1)  Pyrocatechol  (solid) 

2)  Sodium  hydroxide,  0.33  N 

27.  Hydroquinol 

(1)  Test  with  o-phthalaldehyde  85 

o-Phthalaldehyde,  dissolved  in  concentrated  sulfuric  acid,  gives  with 
hydroquinol  a  blue  to  blue-violet  color  at  once  or  within  a  few  minutes, 
depending  on  the  amount  of  hydroquinol  present.  Compounds  such  as  quinic 
acid  and  the  glucoside  arbutin,  which  are  split  by  concentrated  sulfuric 
acid  to  yield  hydroquinol,  react  in  the  same  way.  1  he’ chemical  basis  of  this 

color  reaction  has  not  been  explained  as  yet. 

The  results  with  other  aromatic  hydroxy  compounds  are :  phloroglucinol, 
2,5-dihydroxybenzaldehyde,  ^-hydroxybenzoic  acid,  protocatechuic  acid, 
p'yrogallolcarboxylic  acid,  no  reaction ;  guiacol,  eugenol,  w-hydroxybenzoic 
acid,  o-resorcylic  acid,  hydroquinone  carboxylic  acid,  o-  and  w-creso  , 
4>,£'-dihydroxydiphenyl,  yellow  color;  pyrocatechol,  dark  brown;  resorcmo  , 
yellow,  reddish  yellow;  phenol,  reddish,  yellow-red,  brown-red;  orcinol, 
yellow,  red-yellow;  thymol,  red;  menthol,  orange-reddish;  hydroxyhydro- 
quinol,  red,  violet-red;  pinacol  hydrate,  yellowish;  terp.nol  hydra  e 
brownish-red;  pyrogallol,  red-brown;  resorcinol  diacetic  acid  and  gallic 
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acid,  intense  yellow;  salicylic  acid,  yellowish,  orange-pink;  a-resorcylic  acid, 
greenish-yellowish;  a-naphthol,  brown-red;  /?-naphthol,  yellow-red,  a-hy- 
droxy-^-naphthoic  acid,  orange  colors;  3-hydroxy-2-naphthoic  acid,  reddish- 
brownish;  o-hydroxydiphenyl,  yellow  with  green  fluorescence;  w-hydroxy- 
diphenyl,  orange-red,  brownish-red;  o,o'-dihydroxydiphenyl,  olive-greenish; 
/>-cresol,  brownish-yellow;  ^'-dinaphthol,  reddish,  brownish-red;  1,3-di- 
hydroxynaphthalene,  brown-yellow;  1,4-dihydroxynaphthalene,  red;  1,5-di- 
hydroxynaphthalene,  violet-red;  1,8-dihydroxynaphthalene,  golden  yellow; 
2,6-dihydroxynaphthalene,  brownish-red;  2,7-dihydroxynaphthalene,  red- 
brown  to  violet-brown;  quinhydrone,  violet;  quinone,  violet-brownish  to 
violet. 

Procedure.  A  drop  of  the  aqueous  solution  to  be  tested  is  placed  in  a  small 
test  tube  and  some  solid  o-phthalaldehyde  and  1.5  ml  of  concentrated  sulfuric 
acid  are  added.  A  violet  color,  which  appears  at  once  or  within  a  few  minutes, 
indicates  the  presence  of  hydroquinone. 

Limit  of  Identification:  7  y  hydroquinol 

Dilution  Limit:  1:7140 

Reagents:  1)  o-Phthalaldehyde  86  (solid) 

2)  Sulfuric  acid  (96  %) 


(2)  Test  with  phloroglucinol  87 

Small  quantities  of  hydroquinol  give  an  orange-pink  color  with  phloro- 
glucinol  in  alkaline  solution.  Larger  quantities  yield  a  more  yellow-red  to 
orange-red  color.  The  chemistry  of  the  color  reaction  is  not  known. 

The  following  statements  refer  to  the  behavior  of  other  aromatic  hydroxy 
compounds  toward  phloroglucinol  and  alkali  hydroxide:  phenol,  resorcinol, 
orcinol,  no  reaction;  hydroxyhydroquinol,  a  brownish  color;  pyrogallol, 
vlolet'orange  t0  reddish-brown;  pyrocatechol,  green  to  blue-green; 
2,0-dmydroxybenzaldehyde,  yellow;  1,4-dihydroxynaphthalene,  gradual 

orange-yellow;  arbutin,  no  reaction;  quinone  and  quinhydrone,  same  reaction 
as  hydroquinol. 


rocedure.  One  drop  of  the  aqueous  test  solution  is  treated  in  a  small  test 

until  Ih  t\  f°  Phloro«lucin°l.  ringed  down  with  several  drops  of  water 
until  the  total  volume  is  about  1  milliliter.  Then  a  drop  of  sodium  hydroxide 

- 

Limit  of  Identification:  0.5  y  hydroquinol 
Dilution  Limit:  1  :  100,000 
Reagents:  1)  Phloroglucinol  (solid) 

2)  Sodium  hydroxide,  0.5  N 
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28.  Hydroxyhydroquinol 

.  ’  .  ’  %  \ 

{1)  Test  with  p-phthalaldehyde  88 

A  violet  color  forms  if  hydroxyhydroquinol  is  treated  with  ^-phthal- 
aldehyde  (terephthalaldehyde)  and  concentrated  sulfuric  acid  ana,  after 
dilution  with  water,  the  mixture  is  made  weakly  basic  with  alkali  hydroxide. 
Probably  a  condensation  product  is  formed;  its  composition  and  constitu¬ 
tion  are  unknown.  •  .  •  . 

•  ♦, 

The  behavior  of  other  phenols  and  phenolcarboxylic  acids  is  summarized 
in  the  following  statements:  carbolic  acid  and  orcinol,  no  reaction;  thymol, 
faint  yellow;  pyrocatechol,  olive-brownish;  resorcinol,  orange  colors;  hydro- 
quinol,  brownish;  pyrogallol,  brownish  yellow;  phloroglucinol,  orange- 
yellowish  turbidity;  />-hydroxybenzoic  acid,  a-  and  ^-resorcylic  acid,  no 
reaction;  quinic  acid,  yellow;  gallic  acid,  olive-green;  tannic  acid,  brownish-  • 
yellow;  3,4-dihydroxycinnamic  acid,  olive-brownish;  protqcatechuic  acid* 
and  pyrogallolcarboxylic  acid,  intense  yellow;  2,4,6-trihydroxybenzoic  acid, 
orange  turbidity.  '  .  '  ‘  . 

Procedure.  A  drop  of  the  aqueous  solution  to  be  tested  is  treated  in  a  small 
test  tube  with  some  solid  p-phthalaldehyde,  and  0.5  ml  concentrated  sulfuric 
acid  added.  The  mixture  is  gently  warmed,  cooled,  diluted  with  water,  and  (with 
cooling)  then  made  alkaline  with  sodium  hydroxide.  The  total  volume  at  the  end 
of  these  operations  should  be  about  7  milliliters.  Depending  on  the  quantity  of 
hydroxyhydroquinol  present,  a  violet  to  pink-violet  color  appears. 

Limit  of  Identification:  5  y  hydroxyhydroquinol  .  . 

Dilution  Limit:  1  :  10,000 

Reagents :  1)  ^-Phthalaldehyde  89 

2)  Sulfuric  acid  (sp.  gr.  =  1.84) 

3)  Sodium  hydroxide,  8  N 

'  •  I 

* 

29.  Phloroglucinol 


00 


(I)  Test  with  2-hydroxy-5-methoxybenzaldehyde 

An  orange-pink  to  orange-red  color  appears  when  phloroglucinol  is  treated 
with  concentrated  hydrochloric  acid  and  2-hydroxy-5-methoxybenzaldehyde. 
The  chemistry  of  this  quite  sensitive  color  reaction  has  not  been  unravelled. 

The  following  statements  apply  to  the  color  reactions  of  other  aroniatic 
hydroxy  compounds  on  treatment  with  concentrated  hydrochloric  acid  and 
2-hydroxy-5-methoxybenzaldehyde:  resorcinol,  phenol,  pyrocatechol,  hy* 
droquinol,  pyrogallol,  hydroxyhydroquinol,  a-  and  ^-naphthol  1,3?  1,  ~v 
1  5-  1  8-  2  3-  2  6-,  2,7-dihydroxynaphthalene,  a-respreyhe  acid,  no  reac 
tion ;  orcinol,  in  small  amounts,  orange-yellow,  in  larger  amounts,  yellow*  ; 

9  .  ,  '  I 
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red;  2,4,6-trihydroxybenzaldehyde,  no  reaction  at  first,  on  standing  light 
orange-yellow;  2,4,6-trihydroxybenzoic  acid,  no  reaction  at  first,  gradually 
increasing  orange  on  standing. 

Procedure.  A  drop  of  the  aqueous  test  solution  is  placed  in  a  depression  of  a 
spot  plate  and  stirred  with  one  drop  of  the  aldehyde  and  one  milliliter  of  concen¬ 
trated  hydrochloric  acid.  According  to  the  quantity  of  phloroglucinol  present, 
an  orange-  or  orange-pink  color  appears  immediately  or  after  5-8  minutes. 

Limit  of  Identification:  1  y  phloroglucinol 

Dilution  Limit:  1  :  50,000 

*  •  . «  ( 

Reagents:  1)  2-Hydroxy-5-methoxybenzaklehyde  (m.p.  =  4°)  91 
2)  Hydrochloric  acid  (sp.  gr.  =  1.19)  , 


•  *  30.  Pyrogallol 

*  •  •  •  • 

(1)'  Test  with  phloroglucinol  90  ’  ‘  • 

%  %  • 

As  was  pointed  out  on  pages  277  and  279,  in  caustic  alkaline  solution, 
phloroglucinol  reacts  with  pyrocatechol  atid  hydroquinol  to  give  charac¬ 
teristic  blue-green  or  yellow-red  Colors.  The  same  colors  are  produced  in 
ammoniacal  solutions.  In  additiop,  phloroglucinol  reacts  in  ammoniacal  solu¬ 
tion  with  pyrogallol  to  give  a  violet-orange  to  violet-reddish  color.  The 
chemistry  of  the  color  reaction  is  not  known. 

The  following  information  is,  available  regarding  the  behavior  of  ammo¬ 
niacal  phloroglucinol  solutions  toward  aromatic  hydroxy  compounds: 
phenol,  2, '3-  and  2', 7-dihydroxynaphthalene,  vanillin,  veratraldehyde,  sali¬ 
cylic  acid,  quinic  acid,  no  reaction;  pyrocatechol,  blue-green;  hydroquinone 
yellow;  resorcinol;  yellow,  olive-yellow; -orcinol,  light  orange-yellowish-' 
hydroxyhydroquinol,  grey-brown,  olive-brown;  a-naphthol,  bluish  violet ! 
/5-naph‘hol,  weak  violet  colors;  1,3-dihydroxynaphthalene,  red-yellow,’ 
1,8-dihydroxynaphthalene,  greys;  2,6-dihydroxynaphthalene,  yellow  to 
orange-yellowish ;  protocatechuic  acid,  yellow,  olive-green,  green-  2  3  4,tri- 

appears  after  about  30  seconds.  ’  ^  or  a  pink  tending  toward,  violet 

Limit  of  Identification:  1  y  pyrogallol  >  • 

Dilution  Limit:  1  :  50,000  v‘ 

Reagents:  1)  Phloroglucinol  Solution;  0,05  g  in  *5  ml  wat  •  Th  . 

o  sho^  be  freshly  prepared.  T  The  solu^n 

2)  Ammonia,  concentrated 
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31.  Acetone 


5 


(i)  Test  with  guiacoldialdehyde  90 

In  strong  alkaline  solution,  guiacoldialdehyde  (C6H2(CHO)2(OH)(OCH3) 
(  ,3,4,5)  reacts  with  acetone  to  give  a  difficultly  soluble  condensation  pro¬ 
duct,  whose  constitution  is  unknown.  Its  color  is  orange  to  orange-red. 

Other  ketones  react  with  alkaline  guiacoldialdehyde  as  follows:  methyl- 
ethyl  ketone,  yellow  to  brownish  yellow  color  or  precipitate;  diethyl  ketone, 
yellow  color  or  precipitate;  ethylphenyl  ketone,  benzophenone,  benzoyl 
ketone,  dibenzylketone,  no  reaction;  acetophenone,  methyl-a-naphthyl- 
ketone,  yellow-red  to  brown-red  products.  No  reaction  is  given  by  formalde¬ 
hyde,  acetaldehyde,  chloraldehyde,  methyl  alcohol,  ethyl  alcohol. 

Procedure.  The  test  is  conducted  in  a  small  test  tube  (1-2  ml).  One  drop  of 
the  aqueous  test  solution  is  treated  with  a  little  solid  dialdehyde,  rinsed  down 
with  a  drop  or  two  of  water,  and  then  solid  potassium  hydroxide  is  gradually 
added  with  constant  shaking.  The  dialdehyde  dissolves  at  first  with  a  yellow 
color;  with  increasing  amounts  of  base,  the  yellow-whitish  potassium  salt  of  the 
dialdehyde  precipitates.  If  acetone  is  present,  the  condensation  product  precipi¬ 
tates  and  tints  the  sediment  orange  to  orange-red. 

Limit  of  Identification:  0.2  y  acetone 

Dilution  Limit:  1  :  250,000 

Reagents:  1 )  Guiacoldialdehyde  * 

2)  Potassium  hydroxide  (fine  granules) 

32.  isoPropyl  alcohol 

(1)  Test  by  conversion  into  acetone  9ia 

Suitable  oxidants,  such  as  alkali  persulfate,  readily  convert  tsopropy 
alcohol  into  acetone: 

CH3CH(OH)CH3  +  O  ->  CH3COCH3  +  h2o 

The  acetone  can  then  be  detected  by  the  sensitive  test  with  alkaline  guia¬ 
coldialdehyde  just  described. 

Diphenylcarbinol,  methylacetylcarbinol,  furoin,  benzoin,  and  propylene 
glycol  give  no  reaction. 

Procedure.  The  test  is  conducted  in  a  small  test  tube.  A  drop  of  the  test  so¬ 
lution  is  diluted  with  one  or  two  drops  of  water  and  then  warmed  briefly  with  a 
tiny  crystal  of  ammonium  persulfate  over  a  low  flame.  A  little  of  the  liquid 
dialdehyde  (m.p.  4°)  and  several  granules  of  potassium  hydroxide  are  then  intro- 

*  The  literature  contains  no  precise  directions  for  preparing  guiacoldialdehyde,  which  is 
also  known  as  4-hydroxy-5-methoxyjsophthalaldehyde.91 
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duced.  The  remainder  of  the  procedure  is  as  described  on  page  282.  The  quantity 
of  persulfate  must  be  kept  as  small  as  possible  to  avoid  oxidation  of  the  dialde¬ 


hyde,  whose  reagent  action  is  essential. 

Limit  of  Identification:  3  y  isopropyl  alcohol 

Dilution  Limit :  1  :  16,000 

Reagents:  1)  Ammonium  persulfate  (solid) 

2)  Guiacoldialdehyde  * 

3)  Potassium  hydroxide  (tiny  granules) 


33.  Glycerol 


( 1 )  Test  by  conversion  to  acrolein  92 

When  heated  with  a  dehydrating  agent,  such  as  potassium  bisulfate, 
glycerol  produces  acrolein,  an  unsaturated  aldehyde:  93 

CH2(OH)CH(OH)CH2(OH)  -*  H2C  =  CH  —  CHO  +  2  H2Q 


When  treated  with  an  aqueous  solution  of  sodium  nitroprusside  containing 
a  little  piperidine,  acrolein  gives  a  blue  color,  which  turns  violet-red  94  with 
alkali.  The  chemistry  of  this  reaction  is  not  known.  It  has  not  been  possible 
to  isolate  a  compound  of  definite  formula  from  the  components  necessary  for 
the  color  reaction,  although  the  acrolein  may  be  substituted  by  other 
aldehydes,  and  the  piperidine  by  secondary  aliphatic  amines  (page  189). 

The  acrolein  formed  by  removal  of  a  molecule  of  water  from  glycerol 
may  alternatively  be  detected  by  reaction  with  dianisidine,  in  which  case  a 
colored  Schiff  s  base  is  formed,  with  elimination  of  a  molecule  of  water 

The  procedure  given  here  makes  use  of  the  volatility  of  acrolein  and  the 
reaction  of  acrolein  vapor  with  sodium  nitroprusside  or  dianisidine. 


rocedure.  A  small  amount  of  the  test  substance  or  a  drop  of  the  test  solu- 
mnis  placed  in  the  hard  glass  tube  described  on  page  41  (Fig.  28)  and  mixed 
with  finely  powdered  potassium  bisulfate.  A  piece  of  filter  paper  moistened  with 
the  reagent  .s  placed  over  the  open  end  of  the  tube  and  covered  t“th  the  g"ass 
cap  The  aero  e.n,  produced  by  heating,  colors  the  test  paper  a  deep  gentian  blue 

color  of  rpeacehPb"  ^  S°diUm  the  area  *»  the 

-  *“ — . 

Limit  of  Identification:  5  y  glycerol 
Dilution  Limit:  1  :  10,000 
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Reagents:  1)  Freshly  prepared  mixture  of  1  drop  of  1  %  solution  of  sodium 
nitroprusside  and  one  drop  of  piperidine  or  saturated  solution 
of  o-dianisidine  in  glacial  acetic  acid 

2)  Potassium  bisulfate  (solid) 

3)  2  N  sodium  hydroxide 


(2)  T  est  by  formation  of  8,-hydroxy  quinoline  95 

When  a  mixture  of  aniline,  glycerol,  concentrated  sulfuric  acid  and  a  weak 
oxidant  (e.g.,  arsenic  acid,  nitraniline)  is  heated,  quinoline  is  formed.  If 
derivatives  of  aniline  with  a  free  or/Ao-position  are  employed  in  this  Skraup  96 
synthesis,  numerous  derivatives  of  quinoline  can  be  produced.  For  example, 
8-hydroxy  quinoline  results  if  o-aminophenol  is  used.  In  this  synthesis,97  the 
glycerol  is  dehydrated  to  acrolein  by  the  concentrated  sulfuric  acid  ( 1 ).  The 
acrolein  condenses,  with  ring-closure,98  with  o-aminophenol  to  produce 
8-hydroxy-l,2-dihydroquinoline  (2).  The  latter  is  then  oxidized  to  8-hy- 
droxyquinoline  (3) : 


CHjOHCH(OH)CH2OH 


H2C=CH— CHO  +  2  H20 


H 


/\ 

OCH 

+  CH 

— > 

1 

OH 

— nh2 

CH2 

vvCH 

OH  H 

H 

H 

-t~  h2o 


(/) 


(2) 


(3) 


8-Hydroxyquinoline  (oxine)  reacts,  under  suitable  conditions,  with  many 
metal  ions  to  form  water-insoluble  inner  complex  salts.980  The  oxinates  of 
colorless  metal  ions,  either  as  solids  or  dissolved  in  organic  liquids,  exhibit 
an  intense  fluorescence,  which  is  yellow-green  in  most  instances  (see  pages 
90,  274).  Even  at  high  dilutions,  magnesium  salts  in  ammoniacal  solution 

precipitate  magnesium  oxinate : 
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The  Skraup  synthesis,  as  represented  in  (l)-{3),  can  be  accomplished  with 
one  drop  of  a  very  dilute  aqueous  or  alcohol  solution  of  glycerol,  and  the 
detection  of  the  resulting  oxine  through  its  fluorescence  reaction  (4)  thus 
provides  a  test  for  glycerol.  Only  crotonaldehyde  interferes ;  under  the  given 
conditions  it  yields  2-methyl-8-hydroxyquinoline,  whose  inner  complex 
magnesium  salt  likewise  fluoresces  yellow-green. 

Procedure.  Two  drops  of  an  alcohol  solution  of  o-aminophenol  are  evaporated 
at  110°  in  a  micro  test  tube.  One  drop  of  the  test  solution  is  added,  followed  by 
four  drops  of  concentrated  sulfuric  acid  containing  arsenic  acid.  The  tube  is  kept 
for  15  minutes  in  an  oil  bath  at  140°  and  then  cooled  to  room  temperature.  Five 
drops  of  sodium  hydroxide,  one  drop  of  magnesium  sulfate  solution,  and  three 
drops  of  ammonia  are  added,  with  agitation,  and  cooling  by  immersion  in  cold 
water.  A  bluish-green  fluorescence  in  ultraviolet  light  indicates  glycerol.  If  a 
turbidity  develops,  centrifuge.  It  is  advisable  to  run  a  blank  test  with  a  drop  of 
water  in  place  of  the  test  solution. 

Limit  of  Identification:  0.5  y  glycerol 

Dilution  Limit:  1  :  100,000 

Reagents:  1)  o-Aminophenol  ",  2  %  solution  in  alcohol 

2)  Arsenic  acid,  1  %  solution  in  concentrated  sulfuric  acid 

3)  Sodium  hydroxide,  5  N 

4)  Magnesium  sulfate,  2  N 

5)  Ammonia,  concentrated 


(3)  Other  test  for  glycerol 

The  catalysis  by  glycerol  of  the  decomposition  of  oxalic  acid  at  100°  to 
110  C.,  to  form  carbon  dioxide  and  formic  acid,  may  be  applied  as  a  test.100 
The  carbon  dioxide  formed  may  be  identified  by  the  decolorization  of  paper 
impregnated  with  sodium  carbonate-phenolphthalein  solution  (see  Volume  I, 
page  308)  (Idn.  Limit:  5  y  glycerol).  Alternatively,  the  monoformin  (mono- 
formic  ester  of  glycerol)  which  is  an  intermediate  compound,  may  be  detected 
by  the  test  for  esters  given  on  page  170  {Idn.  Limit:  40  y  glycerol). 


o4.  Carbohydrates 


(i)  Test  for  reducing  sugars  with  triphenyltetrazolium  chloride 

If  a  colorless  alkaline  solution  of  triphenyltetrazolium  chloride  (I)  is  heated 
with  a  reducing  sugar,  red  triphenylformazan  (II)  precipitates:  m 
^6^5  C6Hs 


N- 


NC1 


N  N 

V/ 


c6h6 


+  H20  +  2e 


(I) 


HN- 


N=C 


N=N  +  Cl-  +  OH- 


c6h5 


c„h8 

(II) 


c6h6 
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I  his  reduction,  which  leads  to  the  rupture  of  the  tetrazolium  ring,  is 
brought  about  in  neutral  solution  by  hydrating  enzymes  exclusively102,  and 
in  hot  alkaline  solution  the  formation  of  the  formazan  (II)  is  specific  for 
reducing  sugars.103  An  extremely  sensitive  test  for  sugars  bas  been  based  on 
this  reaction.104  In  contrast  to  most  other  tests  for  reducing  sugars,  aldehydes 
do  not  interfere  with  the  triphenyltetrazolium  chloride  test.  Furthermore, 
other  reductants,  such  as  hydrazine,  hydroxylamine,  sulfites,  tartaric  and 
citric  acid,  are  completely  inactive  toward  this  reagent.  Under  the  conditions 
of  the  test,  only  iron(II),  metallic  zinc,  and  zinc  plus  alkali  react  similarly  with 
triphenyltetrazolium  chloride.  Ascorbic  acid,  which  on  the  basis  of  its 
chemical  constitution  can  be  regarded  as  a  reducing  sugar  (compare  page 
309),  gives  the  same  reaction. 

Procedure.  105  A  drop  of  the  test  solution  is  mixed,  in  a  micro  test  tube  or 
microcrucible,  with  two  drops  of  triphenyltetrazolium  chloride  solution  and  one 
drop  of  0.5  AT  sodium  hydroxide.  The  mixture  is  boiled  for  1-2  minutes.  A  red 
color  or  precipitate  appears,  according  to  the  reducing  sugar  content. 

Limit  of  Identification:  0.2  y  glucose,  fructose,  lactose,  mannose,  arabinose, 

ascorbic  acid. 

Dilution  Limit:  1  :  100,000 

Reagents:  1  )Triphenyltetrazolium  chloride106,  0.5  %  solution  in  water 
2)  Sodium  hydroxide,  0.5  N 


(2)  Test  for  reducing  sugars 

Almost  all  the  macrotests  for  reducing  sugars  may  be  applied  as  spot  tests. 
As  yet  only  one  test  is  available  that  is  carried  out  merely  by  mixing  drops 
of  test  solution  and  reagent  on  paper.  Almost  invariably  it  is  essential  to 
heat  the  reaction  mixture  (preferably  in  a  microcrucible).  Since  all  the  tests 
depend  on  reducing  properties,  other  reducing  substances  must  not  be 

present. 

The  limits  of  identification  (drop  size =0.04  ml)  for  a  number  of  tests  for 

reducing  sugars  are  given  in  Table  35.107 

The  detection  of  reducing  sugars  through  reduction  of  silver  oxide  may 
also  be  carried  out  as  a  highly  sensitive  spot  reaction  on  paper.108  Strips  of 
filter  paper  are  soaked  in  0.2  N  silver  nitrate  solution  and  dried.  Single  drops 
of  the  alkaline  test  solution  and  of  a  sodium  hydroxide  solution  of  approxim- 
atelv  the  same  strength  are  placed  next  to  each  other  on  the  paper.  Two 
brown  flecks  of  silver  oxide  develop.  After  about  1  minute,  the  paper  is 
placed  in  ammonia  water.  The  unchanged  silver  oxide  dissolves  “™Ple  ely 
within  several  minutes,  while  a  black  fleck  of  finely  divided  insoluble  silver 
is  left  in  the  fleck  produced  by  the  sample  containing  reducing  sugar. 
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Limit  of  Identification:  0.1  y  glucose 
Dilution  Limit:  1  :  500,000 

The  test  cannot  be  applied  in  the  presence  of  organic  compounds  con¬ 
taining  CS-  or  SH-groups.  Under  the  prescribed  conditions,  they  form 
black  Ag2S,  which  likewise  is  not  soluble  in  ammonia. 


Table  35.  Reducing  Sugars 


Reagent 

Color  change 

Identification  limit 
and  dilution 
limit 

Nylander’s  solution  (alkaline  bismuth  so¬ 
lution  containing  tartrate) 

Blackening 

10  y;  1  :  4000 

Ammoniacal  AgNOa  solution 

Blackening 

0.1  y;  1  :  400,000 

Magnesium  hypoiodite  [Mg(OH)2  and  KI3] 

Decolorization 

5  y;  1  :  8000 

Alkaline  0.001  %  methylene  blue  solution 

Decolorization 

1  y;  1  :  40,000 

Alkaline  dinitroacetanilide  (1,  3,  4)  solu¬ 
tion 

Violet 

2  y;  1  :  20,000 

m-Phenylenediamine  hydrochloride 

Y  ellow-green 

0.5  y;  1  :  80,000 

(evaporated  with  1  drop  test  solution) 

Fluorescence 

(3)  Test  for  ketohexoses  with  stannous  chloride,  sulfuric  acid,  and  urea  109 

A  blue  color  is  formed  when  ketohexoses  are  heated  with  a  sulfuric  acid 
solution  of  urea  containing  stannous  chloride.  Aldohexoses  give  a  red  color 

with  this  reagent,  but  only  after  prolonged  heating.  The  chemistry  of  this 
reaction  is  not  known. 


Procedure.110  A  drop  of  the  sugar  solution  is  treated  with  6  to  20  drops  of  the 
reagent  solution  in  a  microcrucible,  heated  for  a  minute  over  a  microburner  and 
"  °.C0°L  ™he"  ketohexoses  are  present  a  blue  color  app  ars  on "oohne 
Th  red  color  due  to  the  a.dohexoses  only  appears  after  longeXiHng  and Ts  l^s 


Reagent  solution: 


4g  urea  and  0.2g  SnCl2  are  dissolved 
40  %  sulfuric  acid 


by  heating  with 


10  ml 


The  following  were  detected  by  means  of  this 
8  y  levulose  (blue) 

15  y  saccharose  (blue) 

20  y  glucose  (red) 


reaction : 

20  y  dextrin  (red) 
30  y  starch  (red) 
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individual  organic  compounds 
(4)  7  est  for  carbohydrates  by  hydrolysis  to  furfural 111 

Carbohydrates  (di-  and  polysaccharides)  are  hydrolyzed  by  heating  wit 
strong  mineral  acids  or  with  oxalic  acid.  Monosaccharides  are  formed: 

(CeHjoCg*  +  *  HzO  *  C6H1206 

On  further  heating,  the  monosaccharides  (pentoses),  by  loss  of  water,  ar 
partly  converted  to  furfural : 


CH(OH) — CH(OH) 

I  I 

CH2OH  CH(OH) — CHO 


HC 


CH 


+  3  H,0 


HC  C— CHO 


or  similar  aldehydes  such  as  hydroxymethylfurfural  in  the  case  of  hexose^ 
1  hese  aldehydes  are  volatile  in  steam  and  react  with  o-dianisidine  to  fom 
colored  Schiff’s  bases: 


It  is  possible  that,  following  the  formation  of  a  Schiff’s  base,  the  furai 
ring  is  cleaved  “aminolytically”.  This  has  been  established  for  the  reactioi 
of  furfural  with  aniline  salts.112  (Compare  test  for  furfural,  page  316.) 

Procedure.  A  little  of  the  sample  is  mixed  with  about  8  mg  oxalic  acid  in  £ 
tall  microcrucible  and  a  few  drops  of  dilute  sulfuric  acid  are  added.  1  he  reactioi 
is  started  by  heating  on  an  asbestos  plate  over  a  microburner.  As  soon  as  the  con 
tents  of  the  crucible  begin  to  brown,  it  is  covered  with  a  small  watch  glass,  car 
rying  on  its  underside  a  piece  of  filter  paper  impregnated  with  o-dianisidine  ii 
glacial  acetic  acid.  The  reagent  paper  gives  a  violet  with  the  furfural  vapor  whei 
sugars  or  carbohydrates  are  present.  After  long  exposure  to  the  air  the  viole 
color  of  the  paper  gradually  changes  to  blue. 

Reagents:  1)  Sulfuric  acid  (1:3) 

2)  Oxalic  acid  (solid) 

3)  o-Dianisidine,  saturated  solution  in  glacial  acetic  acid 
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The  following  were  detected: 


50  y  glucose 

o 

o 

f-H 

saccharose 

50  y  levulose 

100  y 

lactose 

10  y  sago  starch 

10  y 

potato  starch 

10  y  arrowroot  starch 

10  y 

corn  starch 

50  y  agar-agar 

5  y 

gum  arabic 

10  y  tragacanth 

10  to  20  y 

cellulose 

The  test  for  carbohydrates  (di-  and  polysaccharides)  based  on  their  clea¬ 
vage  to  furfural  (or  furfural  derivatives)  can  be  greatly  simplified  and  im¬ 
proved  as  follows:  The  solid  sample  is  heated  for  a  short  time  with  syrupy 
phosphoric  acid  and  the  resulting  furfural  (or  its  derivatives)  in  the  gas 
phase  is  identified  with  aniline  acetate  paper  through  the  production  of  a 
red  dyestuff  (compare  furfural  test,  page  316). 


Procedure.113  A  pinch  of  the  solid  sample  is  placed  in  a  microcrucible,  or  a 
drop  of  the  test  solution  is  taken  to  dryness  there.  One  drop  of  syrupy  phosphoric 
acid  is  added,  and  the  crucible  is  covered  with  a  disk  of  filter  paper  which  has 
been  moistened  with  aniline  acetate  solution.  A  small  watch  glass  is  used  as  a 
paper  weight.  The  bottom  of  the  crucible  is  cautiously  heated  for  30-60  seconds 
with  a  micro  burner  (spattering  must  be  avoided).  A  pink  to  red  color  appears, 
the  shade  depending  on  the  quantity  of  carbohydrate  present. 

Reagents:  1)  Aniline  acetate  solution:  10  per  cent  solution  of  aniline  in  10 
per  cent  acetic  acid 
2)  Phosphoric  acid,  syrupy 


The  following  were  detected: 


2.5  y  glucose 

2.5 

2.5  y  levulose 

2.5 

2.5  y  galactose  ' 

2.5 

2.5  y  sorbose  -* 

5.0 

2.5  y  maltose 

3 

y  saccharose 
y  arabinose  " 
y  lactose 
y  agar-agar 

y  starch  (various  origins) 


JZTr°?rS  f  ethyl‘  “d  methyI  Cellul0Se  Save  a  positive  reaction, 
d  d  like  quantities  of  acetyl  cellulose  and  gum  tragacanth. 


as 


35.  Ethylenediamine  and  Propylenediamine 

(1)  Test  by  precipitation  with  sodium  rhodizonate  114 
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O 


+  (NH3 — CH, — CH2 — NHa)Clj 


O 


+  2  NaCl 


Whether  the  above  salt  is  the  sole  product  has  not  yet  been  established. 
There  seems  to  be  a  side  reaction  in  which  a  cyclic  Schiff’s  base  is  produced 
through  a  condensation  of  ethylenediamine  with  two  adjacent  CO-groups 
of  the  rhodizonic  acid.  Propylenediamine  salts  behave  similarly  to  ethylene¬ 
diamine  salts.  Ammonium-,  ethanolamine-,  di-,  and  triethanolamine  salts, 
and  likewise  hydrazine-  and  hydroxylamine. salts,  do  not  react.  On  the  other 
hand,  benzidine  hydrochloride  at  great  dilution  also  gives  a  red  crystalline 
precipitate.  Primary  aromatic  monoamines  as  well  as  pyridine  (as  hydrochlo¬ 
rides)  react  only  in  very  concentrated  solution.  Ethylenediamine  rhodizonate, 
if  once  formed,  is  stable  against  diluted  acids. 

Procedure.  A  drop  of  the  neutral  test  solution  and  a  drop  of  sodium  rhodi¬ 
zonate  solution  are  brought  together  on  a  spot  plate.  According  to  the  quantity 
of  ethylenediamine  present,  a  violet  precipitate  appears  at  once  or  after  brief 
standing.  If  the  yellow-brown  reagent  solution  is  decolorized  by  adding  one 
drop  of  the  buffer  solution,  small  amounts  of  the  reaction  product  are  easier 
to  see.  It  is  better  to  carry  out  the  reaction  on  paper.  One  drop  of  the  reagent  so¬ 
lution  is  placed  on  the  paper,  then  a  drop  of  the  test  solution,  and  after  three 
minutes  the  color  of  the  reagent  is  discharged  by  adding  a  drop  of  the  buffer 
solution. 

Limit  of  Identification:  0.3  y  ethylenediamine 

Dilution  Limit:  1  :  160,000 

Reagents:  1)  Sodium  rhodizonate115,  1  %  solution  (freshly  prepared) 

2)  Buffer  solution  (pH  =  2.79):  1.9  g  sodium  bitartrate  and  1.5  g 
tartaric  acid  per  100  ml 


36.  Phenylhydrazine 

(1)  Test  through  conversion  into  dithizone  116 


Diphenylthiocarbazone  (dithizone),  which  is  widely  used  in  inorganic 
analysis  because  of  its  ability  to  produce  colored  salts  with  metals,117  can 
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be  prepared  from  phenylhydrazine.118  The  latter  is  condensed  with  carbon 
disulfide,  as  shown  in  (1),  to  produce  the  phenylhydrazine  salt  of  /9-phenyldi- 
thiocarbazic  acid  (I)  which,  when  heated  to  about  100°,  loses  hydrogen 
sulfide  and  goes  over  into  diphenylthiocarbazide  (II)  as  shown  in  (2).  When 
(II)  reacts  with  alcoholic  caustic  alkali,  the  alkali  salt  of  dithizone  (III)  is 
formed  along  with  phenylthiosemicarbazide  (IV)  as  ,shown  in  (<3) : 

/SH'NH2NHC6H5 

2  C6H5 — NH — NHa  +  CS2  — >  S  C  ( 1 ) 

'\NHNHC6H5 

(I) 


/SH-NH2NHC6H5  /NH-NHC6H5 

SC  — >  SC  +  H2s  (2) 

\nhnhc6h5  \nh-nhc6h6 

(II) 


/NH— NNaC6H6 
SC  + 

\N=N— C6H5 

(HI) 


/NH-NHC6H5 

2  SC  +  C2H5ONa 

\NH-NHC6H5 


SC 


/NH— NHC6Hs 


\NH, 


+  C6H5NH2  +  C2H6OH  (3) 


(IV) 


Addition  of  acid  to  the  red  solution  of  (III)  precipitates  dithizone.  The 
latter  is  not  soluble  in  water,  but  gives  green  solutions  in  chloroform  and 
carbon  tetrachloride.  On  a  preparative  scale,  this  series  of  reactions  gives 
a  yield  of  about  53  per  cent.  However,  it  appears  that  small  amounts  of 
phenylhydrazine  can  be  quantitatively  converted  into  dithizone,  if  purifi¬ 
cation  of  the  product,  and  isolation  of  the  intermediate  products  of  (1)  and  (2) 
are  not  attempted.  This  fact,  together  with  the  marked  color  quality  of 
so  utions  of  dithizone  in  chloroform,  makes  possible  a  test  for  phenylhydr¬ 
azine,  and  probably  for  other  alkylhydrazines. 

i 

bluish  green.  P  Y  Y  ’  the  chloroform  appears  dark  green  to 

Limit  of  Identification:  5y  phenylhydrazine 
uuution  Limit:  1  :  10,000 
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Reagents:  1 )  Carbon  disulfide 

2)  Sodium  hydroxide,  1  %  solution  in  ethyl  or  methyl  alcohol 

3)  Hydrochloric  acid  (1:1) 

4)  Chloroform 


37.  Tyrosine 

(i)  Test  with  a-nitroso-^-naphthol 119 

Tyrosine  (I)  and  proteins  give  a  deep  purple  color  on  the  addition  of 
a-nitroso-/?-naphthol  (II)  and  nitric  acid.  The  chemistry  of  the  reaction  is 
unknown.  An  essential  step  seems  to  be  that  the  nitric  acid  apparently 
oxidizes  the  a-nitroso-/S-naphthol  to  a-nitro-^-naphthol  (III),  as  it  can  be 
replaced  by  manganese  dioxide  or  lead  dioxide. 


The  reaction  is  specific  for  tyrosine  in  the  presence  of  other  amino  acids, 
3,4-dihydroxyphenylalanine,  adrenaline,  thyroxine,  aldehydes,  sugars,  or 
urea.  Similar  reactions  are  given  by  a  number  of  /(-substituted  phenols,  such 
as  tyrosol,  tyramine,  />-cresol,  />-ethylphenol,  xylenol-1,2,4,  /(-chlorophenol, 
/>-bromo-m-cresol,  hydroquinone  monomethyl  ether,  /S-naphthol,  and  phe- 
nolphthalein. 

Procedure.  A  drop  of  the  test  solution  is  mixed  in  a  microcrucible  with  a 
drop  of  an  alcoholic  solution  of  a-nitroso-/?-naphthol  and  heated.  A  drop  of  nitric 
acid  is  added  to  the  hot  solution.  A  purple  color  appears  in  the  presence  of  tyro¬ 
sine.  The  color  fades  within  a  few  minutes* 

Proteins,  which  almost  without  exception  contain  tyrosine,  can  be  readily 
detected  by  this  reaction.  Preferably  they  should  be  hydrolyzed  beforehand  by 
heating  with  sodium  hydroxide  or  sulfuric  acid. 

Limit  of  Identification:  0.05  tyrosine 

Dilution  Limit:  1  :  1,000,000 

Reagents:  1 )  a-Nitroso-/?-naphthol,  0.2  %  alcoholic  solution 
2)  Nitric  acid  (sp.  gr.  =  1.4) 

Tyrosine  may  be  detected  in  pathological  urine  or  serum  as  follows: 131 
0.5  ml  of  sample  is  diluted  with  1  ml  water  and  1  ml  20  %  trichloroacetic 
acid  is  added.  The  mixture  is  well  stirred  and  either  filtered  or  centrifuged 
to  remove  the  precipitated  albumin.  As  little  as  0.05  y  tyrosine  can  be  detect¬ 
ed  in  a  drop  of  the  filtrate  or  clear  centrifugate. 

Maciag  and  Schontal 120  state  that  the  color  can  be  stabilized  by  adding  feme  ammonium 
alum  solution. 
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38.  Proteins 


(1)  Test  with  tetrabromophenolphthalein  ethyl  ester  1:5 
Tetrabromophenolphthalein  ethyl  ester 


is  yellow  but  its  water-soluble  alkali  salts  are  blue.  These  salts  are  decom¬ 
posed  by  dilute  acetic  acid  with  regeneration  of  the  phenol.  If  the  ester  is 
brought  into  contact  with  proteins,  which  are  generally  in  the  colloid  state, 
a  blue  color  appears.  Apparently  this  is  due  to  the  formation  of  a  salt-like 
adsorption  compound,123  which,  however,  unlike  the  alkali  salts,  is  not 
broken  down  by  dilute  acetic  acid.  The  phenomenon  known  as  "protein 
error”  of  indicators  (displacement  of  the  transformation  range  of  pH  indi¬ 
cators)  appears  to  be  involved.  This  effect  is  shown  very  strongly  by  tetra¬ 
bromophenolphthalein  ester.  For  practical  purposes,  the  potassium  salt  is 
used,  because  the  ester  is  usually  not  available.  The  blue  alcoholic  solution 
of  this  salt  is  changed  to  yellow  (color  of  the  free  e^ter)  by  dilute  acetic  acid, 
but  the  color  remains  blue  in  the  presence  of  protein.  It  then  only  changes 
to  yellow  on  the  addition  of  strong  acetic  acid  or  mineral  acids. 

The  reaction  seems  to  be  specific  for  native  proteins.  Protein  fission  pro- 
ducts,  such  as  amino  acids,  di-  and  tripeptides,  or  peptones,  do  not  react. 

Alkaloids  of  high  molecular  weight,  when  present  in  large  concentration 
show  a  behavior  similar  to  that  of  native  proteins.  Probably  this  is  ascrib- 

ii! ^  th!uf0rmatl°n  °f  adsorPtlon  compounds  of  colloidally  dispersed 
alkaloid  with  tetrabromophenolphthalein  ester,  which  are  resistant  to  acetic 

Procedure.  A  drop  of  the  test  solution  is  mixed  on  a  spot  plate  or  in  a  micro- 
crucible  with  a  drop  of  an  alcoholic  solution  of  the  potassium  salt  of  r  t  i 
Phenolphthalein  ethyl  ester  and  then  acidified  ^ 

acid.  A  blank  test  changes  to  yellow  while  the  color  ZZ  ^  ,  C 

presence  of  proteins.  When  only  smlli  ImountJ  of  tote  P  ”  the 

is  somewhat  green.  P  ’  em  are  Present,  the  color 

Reagents:  1)  Potassium  salt  of  tetrabromophenolphthalein  ethyl  ester™ 
o.l  %  solution  in  alcohol  y  ’ 

2)  Acetic  acid,  0.2  N 
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The  following  were  detected: 

0.5  y  egg  albumen 
0.5  y  hemoglobin 
0.35  y  serum  albumin 
0.5  y  casein 


5  y  edestin 
0.5  y  clupein 
0.5  y  salmin 
1  y  gliadin 


A  pathologically  increased  protein  content  in  urine  may  be  detected  in 
a  drop  of  urine  by  means  of  this  reaction. 


(2)  Test  after  hydrolytic  or  thermal  fission  to  amino  and  imino  compounds 

Proteins  are  hydrolyzed  by  strong  mineral  acids  to  yield  simpler  fission 
products  such  as  polypeptides,  amino  acids,  etc.  Since  tryptophan  is  an 
essential  component  of  all  proteins,  it  is  destroyed  and  produces  indole  and 
indole  derivatives.  All  of  these  amino  and  imino  products  may  be  detected 
either  by  melting  with  fluorescein  chloride  (see  page  191)  or  by  condensation 
with  ^-dimethylaminobenzaldehyde.  In  the  latter  case,  amino  groups  may 
give  rise  to  colored  Schiff’s  bases.  It  seems,  however,  that  the  condensation 
of  indole  bases  (see  page  198)  which  have  been  formed  by  the  acid  splitting  of 
proteins,  plays  the  chief  role  in  the  following  test  with  ^-dimethylamino- 
benzaldehyde. 

Procedure.128  The  sample  to  be  tested  for  proteins  (solid  or  in  solution)  is 
mixed  in  a  microcrucible  with  several  drops  of  the  reagent  solution  and  one 
drop  of  fuming  hydrochloric  acid.  A  violet  color  indicates  the  presence  of  proteins. 

Reagents:  1)  p-Dimethylaminobenzaldehyde,  saturated  solution  in  glacial 
acetic  acid 

2)  Hydrochloric  acid,  fuming 

3)  Reagents  given  on  page  293 


After  hydrolysis  and  production  of  violet  condensation  products,  the  following 


identification  limits  were  obtained: 
1  y  dried  peptone 
20  y  blood  albumin 
100  y  hide  powder 
10  y  edestin 


30  y  egg  albumin 
5  y  casein 
60  y  pancreatin 

pepsin,  very  insensitive 


Thyroglobin  gives  a  positive  albumin  reaction,  whereas  the  reaction  with 
pure  thyroxin  results  negatively.  Hypophysis  preparations  give  a  positive 
response.  As  little  as  1  %  albumin  (e.g.  edestin)  can  be  distinctly  detected  in 
mixtures  with  carbohydrates. 

Dry  heating  also  splits  proteins.  The  resulting  pyrrole  and  pyrrole  deriva¬ 
tives  volatilize  with  the  combustion  products.  If  the  gaseous  combustion 
products  are  brought  into  contact  with  filter  paper  that  has  been  impregnat¬ 
ed  with  a  5  %  solution  of  ^-dimethylaminobenzaldehyde  in  concentrated 
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hydrochloric  acid,  a  violet  color  appears  on  the  paper, The  thermal  decom¬ 
position  can  be  conducted  in  a  microcrucible  or  in  a  micro  test  tube.  (Com¬ 
pare  differentiation  of  animal  and  vegetable  fibers,  page  345.)  1  he  identifi¬ 
cation  limits  are  around  100  y  protein. 

If  the  fluorescence  test  is  applied,  the  sample  is  evaporated  to  dryness 
with  fuming  hydrochloric  acid  and  the  residue  is  treated  as  described  on 
page  192. 

39.  Pyridine 

(1)  Test  by  conversion  to  glutaconic  aldehyde  127 

Pyridine  can  be  converted  into  4-pyridylpyridinium  dichloride  (I)  on 
heating  with  thionyl  chloride.  This  product,  on  cleavage  with  alkali,  gives  rise 
to  the  alkali  enolate  of  glutaconic  aldehyde  (II)  and  4-aminopyridine  (III) 
(see  page  199).  In  acid  solutions  glutaconic  aldehyde  forms  brightly  colored 
Schiff’s  bases  with  aromatic  primary  amines.  The  Schiff’s  base  formed  from 
glutaconic  aldehyde  and  a-naphthylamine  (IV)  is  an  especially  brillant  red. 
The  following  series  of  reactions  are  involved  in  this  test  for  pyridine: 
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Procedure.  A  drop  of  the  solution  to  be  tested  for  pyridine  is  mixed  with  a 
ew  drops  thionyl  chloride  and  warmed;  any  water  present  is  removed  by  the 
excess  thionyl  chloride.  The  mixture  is  evaporated  almost  to  dryness,  a  drop  of 
water  and  a  drop  of  sodium  hydroxide  are  added,  and  the  mixture  is  acidified 
with  a  few  drops  of  hydrochloric  acid  containing  ci-naphthylamine. 

Limit  of  Identification:  5  y  pyridine 
Dilution  Limit:  1  :  10,000 
Reagents:  1)  Thionyl  chloride 

2)  Sodium  hydroxide,  4  N 

3)  2  N  hydrochloric  acid  containing  1  %  a-naphthylamine 


40.  ^-Phenylenediamine 

( 1 )  Test  by  conversion  into  phenylene  blue  128 

When  />-phenylenediamine  (I)  is  mixed  with  an  oxidant,  in  the  presence 
of  aniline,  in  slightly  acid  solution,  the  indamine  dye,  phenylene  blue  (II),  is 
formed  immediately: 


(i)  (II) 

As  the  equation  indicates,  essential  features  are  the  production  of  phenyl- 
quinonediimide  and  its  oxidative  condensation  with  an  aromatic  amine, 
which  is  not  substituted  in  the  position  para  to  the  nitrogen.  Accordingly, 
/>-diamines  with  a  free  NH2-group  behave  similarly  to  ^-phenylenediamine; 
the  aniline  can  be  replaced  by  other  aromatic  monamines.  Analogous  oxida¬ 
tion  and  condensation  reactions  with  phenols,  which  are  not  substituted  in 
the  para  position,  lead  to  indophenol  dyes. 

Procedure.  A  drop  of  the  acetic  acid  test  solution  is  mixed  with  a  drop  of 
aniline  water  and  several  crystals  of  potassium  persulfate  are  added.  A  dark  to 
light  blue  color  appears  at  once,  according  to  the  amount  of  />-phenylenediamine 

present. 

Limit  of  Identification:  0.5  y  ^-phenylenediamine 

Dilution  Limit:  1  :  100,000 

Reagents:  1)  Aniline  water:  a  drop  of  aniline  in  50  ml  water 
2)  Potassium  persulfate 
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41.  Phosgene 

(2)  Test  by  conversion  to  diphenylcarbohy  dr  azide  129 

Due  to  its  two  mobile  chlorine  atoms,  phosgene  reacts  quickly  and  quan¬ 
titatively  with  an  excess  of  alkyl-  and  arylhydrazines  to  form  symmetric 
carbohydrazides.130  For  example,  diphenylcarbohydrazide  (diphenylcarba- 
zide)  is  produced  from  phosgene  and  phenylhydrazine  (in  an  inactive  organic 
solvent) : 

C  6H5 — NH — NH2  Cl\  C6Hs-NH-NH\ 

+  CO  — >  CO  +  2  HC1  ( 1 ) 

C6H6— NH— NH2  Cl/  C6H5— NH— NH/ 


Diphenylcarbazide,  in  neutral,  ammoniacal,  or  weakly  acid  solution, 
reacts  with  copper  ions  to  form  water-insoluble,  deep  violet  inner  complex 
copper-diphenylcarbazide.131  This  product  can  be  extracted  with  immiscible 
organic  liquids  such  as  ether,  chloroform,  etc.  The  reaction  is: 

NH— N — c6h5 

1/2  Cu+*  +  OC(NHNHC6H5)2  ->  Oc'  ^Cu/2  +  H+  (2) 

NH— NH— C6H8 


Reaction  (2)  permits  the  detection  not  only  of  small  quantities  of  copper,132 
but  also  of  small  amounts  of  diphenylcarbazide.  Consequently,  the  realiza¬ 
tion  of  (2)  and  ( 2 )  serves  for  the  detection  of  slight  quantities  of  phosgene. 

Since  free  phenylhydrazine  does  not  keep  well,  it  is  advisable  to  use  its 
cinnamate  for  the  reaction  with  phosgene. 


Procedure.  A  drop  of  the  test  solution  is  mixed  in  a  microcrucible  with  a 
small  gram  of  phenylhydrazine  cinnamate,  and  after  5  minutes  a  drop  of  copper 
sulfate  solution  added.  In  the  presence  of  phosgene,  a  red- violet  to  pink  appears, 
according  to  the  amount  present. 

Alternatively,  spot  paper  (S  &  S  598g)  is  impregnated  with  1  %  copper  sul¬ 
fate  solution  and  dried.  Just  before  the  test,  a  little  solid  phenylhydrazine  cinna¬ 
mate  is  rubbed  on  it.  A  drop  of  the  test  solution  is  added,  followed,  when  the 

solvent  has  evaporated,  by  a  drop  of  water.  In  the  presence  of  phosgene,  a  red- 
violet  stain  forms. 

Limit  of  Identification:  0.5  y  phosgene 
Dilution  Limit:  1  :  100,000 
Reagents:  1)  Phenylhydrazine  cinnamate  133 
2)  Copper  sulfate,  1  %  solution 


The  test  may  be  applied  to  the  detection  of  phosgene  in  commercial 
1  n  Ca,rb°n  tetraC“-  Chlorof°™  anesthesia  Z d pUrt 
the" °nIy  traCe$  °f  Ph°Sgene  in  — “  -h 
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42.  Urea 

( 1 )  Test  through  deamination  134 


When  urea  ,  which  melts  at  131°,  is  heated  slightly  above  its  fusion  point 
it  loses  ammonia.  The  loss  is  more  rapid  at  160—170°.  The  residue  consists  of 
biuret  (II) : 


NHj 

NHj 

O 

o 

/ 

\ 

— >  NH  +  NHS 

\ 

/ 

NH, 

o=c 

'xMh2 

(0  (ii) 

In  the  absence  of  ammonium  salts  of  carboxylic  acids,  this  loss  of  ammonia 
at  relatively  low  temperatures  indicates  the  presence  of  urea  in  solid,  water- 
soluble  test  materials,  since  the  ammonium  salts  of  mineral  salts  decompose 
with  evolution  of  ammonia  only  at  temperature  above  300°.  The  same  is 
true  of  salts  of  volatile  organic  bases  (pyridine,  ethylamine,  ethanolamine, 
etc.).  When  small  amounts  of  urea  are  to  be  detected  through  the  ammonia 
evolved,  it  should  be  remembered  1)  that  when  molten  urea  is  heated  to 
temperatures  exceeding  the  boiling  point  of  water,  and  without  the  simultan¬ 
eous  release  of  water,  hot  dry  ammonia  is  given  off  and  2)  that  the  usual  tests 
for  ammonia  are  based  on  the  OH~-reactions  of  hydrated  ammonia.  There¬ 
fore,  provision  must  be  made  for  cooling  and  hydrating  the  ammonia. 
A  recommended  test 135  for  ammonia  is  provided  by  its  reaction  with  a 
neutral  solution  containing  Ag+-  and  Mn+2-ions,  in  which  the  essential 
reaction : 

Mn+2  +  2  Ag+  +  4  OH-  2  Ag°  +  Mn02  +  2  H20 
4  NH4OH 


produces  a  black  mixture  (or  adsorption  compound)  of  free  silver  and 
manganese  dioxide  (see  page  72). 

The  following  test  is  applicable  only  in  the  absence  of  ammonium  salts  of 
carboxylic  acids  and  phenols,  since,  when  heated  to  about  120°,  they 
decompose  with  release  of  ammonia  (see  page  96). 


Procedure.  The  test  is  conducted  in  a  glass  tube  (10  cm  x  8  mm)  closed  at 
one  end.  A  drop  of  the  aqueous  neutral  test  solution  is  introduced,  and  evaporat¬ 
ed  in  an  oven  at  120°.  The  glass  tube  is  then  immersed  to  a  depth  of  1.5  cm  in  a  hot 
glycerol  bath.  The  open  end  of  the  tube  is  closed  with  a  disk  of  filter  paper  mois¬ 
tened  with  the  reagent  solution.  According  to  the  quantity  of  urea,  a  black  to 
gray  circle  (the  diameter  of  the  tube)  appears  on  the  paper  after  a  few  (not  more 

than  10)  minutes. 
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Limit  of  Identification:  10  y  urea 

Dilution  Limit:  1  :  5,000  .  . 

Reagents:  1)  Manganese  nitrate  -  silver  nitrate  solution:  2.87  g  Mn(N03)2  is 
dissolved  in  40  ml  water  and  filtered  if  necessary.  To  this  is 
added  a  solution  of  3.35  g  AgN03  in  40  ml  water,  and  the  mix¬ 
ture  diluted  to  100  ml.  Dilute  alkali  is  added  to  neutralize  the 
acid  formed  by  hydrolysis;  it  is  added  drop  by  drop  until  a  per¬ 
manent  black  precipitate  is  formed.  After  filtering,  the  solution 
is  stored  in  a  dark  bottle. 


( 2)  Test  by  conversion  to  diphenylcarbohy  dr  azide  136 

When  urea  is  heated  to  150-200°  with  an  excess  of  phenylhydrazine, 
diphenylcarbohydrazide  (diphenylcarbazide)  is  formed.137  lhe  reaction  is: 


/NH2  /NH-NHC6H6 

OC  +  2NH2NHC6H6  — >  OC  +2NH3 

\nh2  \nh— nhc6h5 


(1) 


Since  the  reaction  temperature  is  above  the  melting  point  (131°)  of  urea, 
some  biuret  is  doubtless  produced  (see  page  298),  but  it  too  reacts  with 
phenylhydrazine  to  form  diphenylcarbazide : 

/NH— nhc6h5 

H2N— CO— NH— CO— NH2  +  4  NH2NHC6H6  — >  2  0C  +  3  NH3  (2) 

\nh-nhc6h5 


Diphenylcarbazide  reacts  with  many  metal  ions,  and  also  with  chromate 
and  molybdate,  to  form  colored  inner  complex  salts;  some  of  these  are 
readily  soluble  in  organic  liquids.138  In  view  of  the  fact,  that  excess  phenyl¬ 
hydrazine  always  remains  when  reactions  (7)  and  (2)  are  carried  out,  no 
metal  salts  which  undergo  redox  reactions  with  phenylhydrazine  may  be 
used  when  testing  for  small  amounts  of  diphenylcarbazide  produced  from 
urea.  The  reaction  of  diphenylcarbazide  and  an  ammoniacal  nickel  solution 
is  useful  here;  it  leads  to  the  precipitation  of  a  violet  inner  complex  nickel 
salt,  which  is  soluble  in  chloroform. 

Procedure.  One  drop  of  the  aqueous  test  solution  is  evaporated  to  dryness  in 
a  micro  test  tube.  A  drop  of  phenylhydrazine  is  added  and  the  mixture  is  kept  for 
five  minutes  in  an  oil  bath  at  195°.  After  cooling,  five  drops  of  ammonia  and  five 
drops  of  nickel  salt  solution  are  added,  and  shaken  with  about  ten  drops  of  chlo¬ 
roform.  A  red-violet  color  indicates  the  presence  of  urea.  A  blank  test  is  essential 
when  slight  amounts  of  urea  are  suspected. 

Limit  of  Identification:  10  y  urea 
Dilution  Limit:  1  :  5,000 
Reagents:  1)  Phenylhydrazine 

2)  Ammonia  (1:1) 

3)  Nickel  sulfate,  10  %  solution 

4)  Chloroform 
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The  mono-  and  disubstituted  derivatives  of  urea,  like  the  parent  com¬ 
pound,  form  diphenylcarbazide  when  they  are  heated  with  phenylhydrazine. 
A  reaction  scheme  analogous  to  (2)  holds  for  these,  the  respective  amines 
being  liberated  in  place  of  or  along  with  the  ammonia.  The  following  com¬ 
pounds  were  tested,  and  identification  limits  of  100-150  y  were  obtained: 
methylurea,  acetylmethylurea,  as-diphenylurea,  m-tolylurea,  sym-di-m- 
tolylurea,  allylurea,  tert.amylurea,  te^.butylurea. 

Likewise,  many  urethanes,  i.e.  ethyl  esters  of  carbamic  acid  and  its  N- 
substituted  derivatives,  produce  diphenylcarbazide  when  heated  with  phenyl¬ 
hydrazine.  Again,  a  scheme  analogous  to  (2)  applies,  in  that  ammonia  or 
amine  along  with  ethyl  alcohol  is  split  off.  Identification  limits  of  100-300  y 
were  obtained  with  ethylurethane,  phenylurethane,  w-butylcarbamate. 

It  seems  that  N,N-dialkyl-  and  N,N-diaryl-carbamates,  as  well  as  cyclic 
derivatives  of  urea,  are  resistant  toward  phenylhydrazine.  This  lack  of 
reactivity  was  observed  in  the  case  of  N,N-diphenyl  carbamate,  N,N-di-«- 
butyl  carbamate,  and  6,8-dichlorobenzoylene  urea. 

When  thiourea  and  its  derivatives  are  heated  with  phenylhydrazine,  the 
sulfur  homolog  of  diphenylcarbazide  is  formed,  namely  diphenylthiocarb- 
azide.  This  thio  compound  likewise  reacts  with  nickel  salts  to  produce  a 
violet  compound.  However,  the  detection  of  the  condensation  of  thiourea 
with  phenylhydrazine  is  much  less  sensitive  ( Identification  limit  800  y). 
Thiourea  and  its  derivatives  can  be  detected  by  heating  the  solid  sample 
to  about  200°.  Hydrogen  sulfide  is  evolved  and  is  easily  identified  by  its 
action  on  lead  acetate  paper  {Identification  limit :  1  y  thiourea).1380 

(3)  Test  by  enzymatic  hydrolysis  to  ammonia 

The  hydrolysis  of  urea : 

OC(NH2)2  +  HaO  C02  +  2  NH3 

by  acids  and  alkalies  is  not  hastened  fundamentally  even  by  warming. 
Probably,  the  hydrolysis  occurs  only  via  its  isomer,  ammonium  cyanate, 
which  is  in  equilibrium  with  urea 

0  =  C(NH2)2  +±NH4CNO 

and  which  is  readily  hydrolyzed  by  H+-  and  OH'-ions : 

NH4CNO  +  H+  +  OH-  C02  +  2  NH3 

From  this  point  of  view,  the  hydrolysis  velocity  of  urea  is  determined  by 
the  rate  at  which  the  equilibrium  is  established  between  the  isomers  and 
by  the  quantity  of  ammonium  cyanate  in  equilibrium. 
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In  contrast  to  acids  and  bases,  urease,  the  enzyme  which  occurs  in  soya 
beans,  brings  about  complete  hydrolysis  of  urea  rapidly  even  at  room 
temperature.  A  neutral  or  alkaline  medium  is  required.  The  evolution  of 
ammonia  from  urea  by  urease  provides  not  only  the  basis  of  a  quantitative 
micro  determination  of  urea  139  but,  with  the  aid  of  the  Nessler  reaction, 
it  may  also  be  used  for  the  detection  of  urea.140  The  Nessler  reaction  involves 
the  formation  of  a  red-brown  precipitate  or  a  yellow  color,  due  to 
HgNH,I-HgI2,141  which  results  when  a  basic  solution  of  alkali  mercuriiodide 
is  added  to  solutions  of  ammonium  salts : 

■M 

[HglJ-3  Hgl2  +  2  I- 

Hgl2  +  NH3  +  KOH  ->  KI  +  HgNH2I  +  HaO 
HgNH2I  +  Hgl2  ->  HgNH2I-HgIa 

The  following  test  for  urea  is  reliable  in  the  absence  of  ammonium  salts 
and  salts  of  volatile  aliphatic  amines,  and  guanidine,  which  give  precipitates 
with  Nessler  solution.  Urethanes  and  ureides  do  not  interfere. 

Procedure.  The  test  is  conducted  in  a  depression  of  a  spot  plate  or  in  a  por¬ 
celain  microcrucible.  A  drop  of  the  neutral  or  alkaline  test  solution  is  introduced, 
several  milligrams  of  urease  added,  and  stirred  with  a  glass  rod.  After  2-5  minu¬ 
tes,  a  drop  of  Nessler  solution  is  introduced.  Depending  on  the  amount  of  urea,  a 
brown  precipitate,  turbidity,  or  yellow  color  appears.  In  case  ammonium  salts 
are  present,  a  drop  of  the  test  solution  can  be  taken  to  dryness  along  with  a  drop 
of  dilute  alkali.  The  ammonium  salts  are  thus  completely  destroyed  with  release 
of  ammonia,  and  without  significant  hydrolysis  of  urea.  The  evaporation  resi¬ 
due  is  taken  up  in  a  drop  of  water,  urease  is  added  and  the  test  continued  as 
described. 

Limit  of  Identification:  1  y  urea 

Dilution  Limit:  1  :  50,000 

Reagents:  1)  Urease* 

2)  Nessler  reagent 143 :  10  g  mercuric  iodide  is  made  into  a  thin 
paste  with  a  little  water,  5  g  potassium  iodide  is  added  and  solu¬ 
tion  ensues.  20  g  sodium  hydroxide  dissolved  in  80  ml  water  is 
added  and  the  the  whole  made  up  to  100  ml.  The  rather  turbid 
solution  is  allowed  to  stand  several  days,  decanted,  and  stored 
in  a  brown  bottle. 


43.  Carbon  disulfide 

( 1 )  Test  with  sodium  azide  and  iodine  144 

An  aqueous  solution  containing  sodium  azide  (NaN,)  and  iodine  (as  Kid 
shows  no  change  in  the  iodine  content  even  on  long  standing.  However  the 
*  Stable  solid  urease  products  are  ou  the  market.  For  preparatiou  see  reference  142.  ’ 
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addition  of  carbon  disulfide  brings  about  an  immediate  reaction,  with 
vigorous  evolution  of  nitrogen  and  consumption  of  iodine: 

2  NaN3  +  I2  -*•  2  Nal  +  3  N2  ^ 

The  carbon  disulfide  seemingly  takes  no  part  in  this  reaction  but  acts  as 
a  typical  catalyst.  This  catalysis  superficially  is  similar  to  that  described  in 
\  olume  I,  Chapter  4,  in  the  tests  for  inorganic  sulfides,  thiosulfates,  thio¬ 
cyanates,  and  in  a  test  for  organic  compounds  containing  the  C=S  and 
C — SH  groups  (page  164). 

The  catalytic  effect  of  carbon  disulfide  on  the  iodine-azide  reaction  is  a 
typical  intermediate  reaction  catalysis.  The  sodium  azide  and  carbon 
disulfide  form  the  sodium  salt  of  azidodithiocarbonic  acid,  CS(SH)N3  as 
shown  in  (7).  Ihis  reaction  is  incomplete,  but  when  concentrated  solutions 
are  employed,  the  azidodithiocarbonic  acid  can  be  detected  by  the  formation 
of  typical  salts  of  such  heavy  metals  as  copper  and  bismuth.145  The  equilib¬ 
rium  reaction  (7)  is  constantly  disturbed  in  the  presence  of  iodine,  as  the 
dithiocarbonate  formed  is  oxidized  by  iodine,  as  shown  in  (2),  so  that  the 
new  formation  of  the  azidodithiocarbonate  and  its  oxidation  proceed  until 
all  the  sodium  azide  is  consumed.  Summation  of  (7)  and  (2)  gives  (3),  in 
which  the  catalytical  y  active  carbon  disulfide  is  no  longer  shown  as  a 
participant  in  the  reactions: 

2  NaN3  +  2  CS2  =  2  CS(SNa)N3  (7) 

2  CS(SNa)N3  +  I2  =  2  CS2  +  2  Nal  +  3  Na  ( 2 ) 

2  NaN3  +  I2  =  2  Nal  +  3  N2  (3) 

Carbon  disulfide  can  accordingly  be  detected  by  the  evolution  of  nitrogen 
or  through  the  disappearance  of  iodine  from  the  sodium  azide-iodine  mixture. 
It  must  be  remembered  that  mercaptans  and  thioketones  likewise  catalyze 
the  iodine-azide  reaction. 

Procedure.  The  test  for  carbon  disulfide  in  an  organic  liquid,  e.g.,  alcohol, 
can  be  carried  out  by  mixing  one  drop  of  the  test  solution  with  one  drop  of  the 
reagent  on  a  watch  glass  and  noting  the  evolution  of  bubbles  of  nitrogen.  When 
materials  which  consume  iodine  are  present  (hydrogen  sulfide,  etc.),  the  test  so¬ 
lution  should  be  treated  beforehand  with  drops  of  iodine  in  potassium  iodide  or 
alcohol,  until  the  iodine  color  is  no  longer  discharged.  The  sodium  azide  -  iodine 

mixture  can  then  be  added.  •  I 

This  test  for  carbon  disulfide  may  alternatively  be  carried  out  similarly  to  the 
sulfide  test  (Vol.  I,  page  282).  In  this,  a  drop  of  the  test  solution,  which,  if  neces¬ 
sary,  has  previously  been  treated  with  iodine,  is  removed  with  a  loop  of  platinum 
wire  and  touched  to  a  drop  of  the  iodine-azide  solution  hanging  from  a  capillary 
tube.  Any  bubbles  of  nitrogen  formed  may  be  seen  rising  in  the  capillary  tube. 
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Limit  of  Identification:  0.14  y  carbon  disulfide 
Dilution  Limit:  1  :  350,000 

Reagent:  Sodium  azide-iodine  solution:  3  g  NaN3  dissolved  in  100  ml  0.1  AT 
iodine.  The  reagent  is  stable. 

(2)  Test  with  formaldehyde  and  plumbite  solution  146 
Carbon  disulfide  is  converted  into  trithiocarbonate  on  treatment  with 
alkali  hydroxide : 

2  CS2  +  6  KOH  =  2  I\2CS3  +  K2C03  +  3  H20 

The  trithiocarbonate  reacts  with  heavy  metals  to  give  insoluble  salts,  which 
are  usually  colored,  and  can,  as  in  the  case  of  the  lead  salt,  be  readily 
decomposed  with  formation  of  sulfide. 

Appreciable  amounts  of  carbon  disulfide  are  rapidly  converted  into  lead 
sulfide  on  treatment  with  concentrated  caustic  alkali  and  a  plumbite  so¬ 
lution.  Small  amounts  of  carbon  disulfide  are  only  very  slowly  converted  to 
thiocarbonate,  even  in  the  presence  of  large  amounts  of  alkali.  However, 
the  thiocarbonate  formation,  and  consequently  the  production  of  lead  sulfide, 
may  be  remarkably  accelerated  by  formaldehyde  (in  a  manner  not  yet 
understood).  This  effect  affords  a  means  of  detecting  small  amounts  of  CS2. 

Procedure.  A  drop  of  the  test  solution  is  placed  on  spot  plate,  2  or  3  drops  of  * 
formaldehyde  solution  added  and  followed  by  a  drop  of  a  strongly  alkaline  plum- 
bite  solution.  The  mixture  is  stirred.  A  black  precipitate,  or  a  brown  to  black 
color  is  formed,  depending  on  the  amount  of  carbon  disulfide  originally  present. 
Limit  of  Identification:  3.5  y  carbon  disulfide 
Dilution  limit:  1  :  14,200 
Reagents:  1)  Formalin  (40  %) 

2)  Alkaline  plumbite  solution 

(<3)  Test  for  carbon  disulfide  in  the  presence  of  hydrogen  sulfide 

Obviously  Test  2  cannot  be  used  without  modification  for  the  detection 
of  carbon  disulfide  when  hydrogen  sulfide  is  present,  because  the  formation 
ot  lead  sulfide  is  then  no  longer  a  specific  test  for  carbon  disulfide.  The 
ydrogen  sulfide  must  be  destroyed  prior  to  the  test  for  carbon  disulfide. 

1  his  can  be  accomplished  by  adding  bromine  water : 

H2S  +  4  Br2  +  4  HaO  ->  H2S04  +  8  HBr 

The  excess  bromine  is  removed  by  adding  sulfite  or  sulfosalicylic  acid: 

Br2  +  SOs-2  +  H20  ->  S04~2  -f  2  Br~+  2  H+ 

Br2  +  C6H3(OH)(COOH)  (SOaH)  -  C6HaBr(0H)(C00H)(S03H)  +  HBr 
Test  2  can  then  be  applied. 
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An  excess  of  sulfite  does  not  interfere  with  the  test  since  it  is  converted 
into  aldehyde  bisulfite  by  the  formaldehyde  used  in  the  reaction: 

CHzO  +  Na2SOs  +  H20  CH2(0H)S03Na  +  NaOH 

Procedure.  A  drop  of  the  test  solution  suspected  of  containing  CS2  and  H2S 
is  treated  on  a  spot  plate  with  concentrated  bromine  water,  added  drop  by  drop, 
until  the  yellow  color  is  permanent.  The  excess  of  bromine  is  removed  by  adding 
a  small  crystal  of  sodium  sulfite  or  sulfosalicylic  acid.  Then  2  or  3  drops  of  a  40% 
solution  of  formaldehyde  is  added,  followed  by  a  drop  of  a  strongly  alkaline 
solution  of  plumbite,  and  the  mixture  stirred.  A  black  precipitate,  or  a  black  to 
brown  color,  appears  in  the  presence  of  carbon  disulfide. 

1  he  following  limit  of  identification  is  independent  of  the  amount  of  hydrogen 
sulfide  that  may  be  present. 

Limit  of  Identification:  10  y  carbon  disulfide 

Dilution  Limit:  1  :  5,000 

Reagents:  As  for  Test  2;  also  bromine  water  and  solid  sodium  sulfite  or 
solid  sulfosalicylic  acid 


44.  Ascorbic  acid  (Vitamin  C) 

Ascorbic  acid  (I),  a  lactone  of  an  unsaturated  sugar  acid  in  which  two' 
enol  groups  produce  the  acidity,  is  converted,  by  even  weak  oxidizing  agents, 
into  dehydroascorbic  acid  (II),  which  actually  is  not  an  acid  but  a  neutral 
lactone.  It  may  be  reconverted  to  ascorbic  acid  by  reduction: 

_ O _ j  oxidation 

0=C — C(OH)=C(OH) — CH — CH(OH) — CH2OH  reduction 

(I) 


0=c— CO— CO— CH— CH(OH)— CH*OH 
(II) 

Stronger  oxidizing  agents  give  rise  to  extensive  decomposition  of  (I)  or  (II). 

Ascorbic  acid  is  therefore  an  active  reducing  agent  which  can  be  detected 
by  numerous  color  tests  based  on  reducing  actions.  Insoluble  reducible 
inorganic  compounds  which  have  been  precipitated  in  the  capillaries  of  filter 
paper,  and  which  because  of  their  fine  state  of  division  are  exceptionally 
reactive,  can  be  reduced  by  ascorbic  acid.  Two  instances  of  this  behavior 
which  are  accompanied  by  striking  color  changes  are  utilized  here,  and 
certain  characteristic  redox  reactions  in  homogeneous  systems  are  also 

described. 
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(1)  Test  by  reduction  of  manganese  dioxide  147 

Ascorbic  acid  reduces  manganese  dioxide  to  a  manganous  salt.  Paper 
impregnated  with  highly  dispersed  Mn02  is  prepared  easily  by  treating 
filter  paper  with  potassium  permanganate  solution.  Part  of  the  cellulose  is 
oxidized,  and  finely  divided  Mn02  is  precipitated  in  the  capillaries  of  the 
paper.  The  color  of  the  paper  ranges  from  brown  to  almost  white,  according 
to  the  Mn02  content.  Larger  quantities  of  ascorbic  acid  are  revealed  directly 
by  the  white  fleck  that  results  when  a  drop  of  the  test  solution  is  placed  on 
the  brown  paper.  Practically  colorless  reagent  paper  should  be  used  for 
minute  quantities  of  ascorbic  acid.  The  removal  of  Mn02,  in  this  case,  is 
made  visible  by  bathing  the  spotted  paper  in  benzidene  solution  which 
forms  “benzidine  blue’’  with  traces  of  Mn02  (see  page  72).  Consequently, 
the  whole  surface  will  turn  blue,  except  those  spots  that  had  been  reduced 
by  ascorbic  acid. 


Procedure.  A  drop  of  the  weakly  acidified  (acetic  acid),  neutral,  or  alkaline 
test  solution  is  placed  on  the  reagent  paper.  After  the  liquid  has  been  absorbed, 
the  paper  is  bathed  in  benzidine  solution.  A  white  fleck  on  the  blue  paper  indi¬ 
cates  the  presence  of  ascorbic  acid. 

Limit  of  Identification:  0.03  y  ascorbic  acid  (in  0.004  ml) 

Dilution  Limit:  1  :  130,000 

Reagents:  1)  Manganese  dioxide  paper:  1ml  0.2  7V  KMn04  is  diluted  to 
1000  ml.  The  paper  is  soaked  in  this  solution  for  15  minutes. 
After  draining,  it  is  dried  in  a  current  of  heated  air 
2)  Benzidine  solution :  saturated  solution  of  benzidine  hydrochlo¬ 
ride  diluted  with  an  equal  volume  of  water,  just  before  using 


It  should  be  noted  that  other  reducing  compounds  in  weakly  acid  solution 
exert  the  same  effect  on  manganese  dioxide,  i.e.,  they  reduce  it  to  the 
bivalent  manganese  salt.  Citric  acid  is  an  example.  To  detect  ascorbic  acid 
in  the  presence  of  the  latter  (in  fruit  juices,  for  instance)  the  test  solution 
is  shaken  beforehand  with  an  excess  of  calcium  carbonate.  A  drop  of  the 
suspension  is  then  applied  to  the  reagent  paper.  This  preliminary  treatment 
produces  insoluble  calcium  citrate  and  the  reduction  of  manganese  dioxide 
paper  by  citric  acid  is  thus  prevented  entirely  whereas  the  action  of  ascorbic 
acid  is  practically  not  affected. 


(2)  Test  by  reduction  of  ammonium  phosphomolybdate  148 

The  MoO,  molecules,  which  are  complexly  bound  in  water-soluble  phos- 
phomolybdic  acid,  H,P04-12Mo03-aq„  are  far  more  easily  reduced  than  the 
molybdenum  m  normal  molybdate  ions.  In  other  words,  certain  reducing 
agents,  which  are  without  effect  in  acid  solution  toward  MoO,-2  ions,  or 
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which  are  only  slightly  active,  reduce  the  latter  immediately  when  POr3 
ions,  which  produce  complex  phosphomolybdate  ions,  are  also  present.149 
\\  hen  phosphomolybdic  acid  is  reduced,  the  solution  turns  from  yellow  to 
blue,  an  effect  due  to  the  resulting  colloidally  dispersed  lower  molybdenum 
oxides  (the  so-called  molybdenum  blue).  Since  even  traces  of  the  latter  are 
discernible,  phosphomolybdic  acid  is  a  good  reagent  for  revealing  reducing 
compounds  (see  p.  102).  The  enhanced  reducibility  of  the  complexly  bound 
molybdenum  is  retained  in  the  yellow  ammonium  phosphomolybdate, 
which  is  not  soluble  in  water  and  mineral  acids,  but  this  is  true  only  with 
respect  to  strong  reductants.  Accordingly,  compounds  with  differing  redox 
potentials  can  be  differentiated  by  this  means.  Ascorbic  acid  acts  on  am¬ 
monium  phosphomolybdate,  and  consequently  can  be  detected  by  spotting 
paper  impregnated  with  this  salt,  (NHJjPCV^MoO,.* 

Procedure.  A  drop  of  the  acid,  neutral,  or  alkaline  test  solution  is  placed  on 
the  reagent  paper.  According  to  the  amount  of  ascorbic  acid,  a  blue  or  green 
fleck  appears  on  the  yellow  paper  immediately,  or  after  several  minutes. 

Limit  of  Identification:  0. 1  y  ascorbic  acid  (in  0.01  ml) 

Dilution  Limit:  1  :  100,000 

Reagent:  Ammonium  phosphomolybdate  paper.  Filter  paper  is  immersed  in 
saturated  alcohol  solution  of  phosphomolybdic  acid,  151  allowed  to 
drain,  and  dried  in  a  current  of  cold  air.  It  is  then  bathed  in  a  con¬ 
centrated  ammonium  nitrate  solution  that  has  been  acidified  with 
several  drops  of  nitric  acid.  After  washing  with  water,  the  paper  is 
dried  in  a  blast  of  heated  air.  It  can  be  kept  for  several  days  in  the 
dark. 

On  long  standing  and  exposure  to  daylight,  the  yellow  ammonium 
phosphomolybdate  paper  turns  blue  because  of  reduction  by  the 
cellulose  of  the  filter  paper. 

Citric  acid  gives  no  reaction  under  the  conditions  just  prescribed.  Hence 
it  is  possible  to  detect  ascorbic  acid  in  the  presence  of  as  much  as  1000  parts 
of  citric  acid. 

Uric  acid  and  ureates  react  readily  with  ammonium  phosphomolybdate 
and  may  be  detected  through  this  reaction.  However,  mineral  acids  prevent 
this  reduction.  Consequently,  ascorbic  acid  can  be  detected  in  urine,  provided 
the  sample  is  treated  beforehand  with  several  drops  of  concentrated  hydro¬ 
chloric  acid. 

(3)  Test  through  precipitation  of  cuprous  ferrocyanide 162 

Ascorbic  acid  reduces  ammoniacal  cupric  solutions;  the  blue  color  is 
discharged.  However,  C<2  ions  are  detected  with  greater  sensitivity  through 

*  Of  course,  ascorbic  acid  likewise  reduces  the  water-soluble  phosphomolybdic  acid.150 
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precipitation  reactions.  In  contrast  to  the  corresponding  cupric  salts,  both 
cuprous  ferrocyanide  and  cuprous  ferricyanide  are  insoluble  in  ammonia. 
Accordingly,  if  ammoniacal  cupric  solutions,  i.e.,  [Cu(NH3)4]+2  ions,  are 
reduced  by  ascorbic  acid  in  the  presence  of  alkali  ferricyanide  or  alkali  ferro¬ 
cyanide,  white  Cu3[Fe(CN)6]  or  Cu4[Fe(CN)6]  precipitates  immediately.  For 
stability  reasons,  it  is  better  to  use  an  ammoniacal  CuS04 — K3[Fe(CN)„] 
solution. 

Hydrazine  and  hydroxylamine  and  their  salts  show  reducing  actions 
similar  to  that  of  ascorbic  acid.  (See  Volume  I,  Chapter  2.) 


Procedure.  A  watch  glass  placed  on  black  paper  or  a  black  spot  plate  is 
used.  A  drop  of  the  ammoniacal,  neutral,  or  weakly  acid  test  solution  is  mixed 
with  a  drop  of  reagent  solution.  A  white  precipitate  or  turbidity  appears,  accor¬ 
ding  to  the  amount  of  ascorbic  acid  present. 

Limit  of  Identification:  0.5  y  ascorbic  acid 

Dilution  Limit:  1  :  100,000 

Reagent:  A  slight  excess  of  freshly  prepared  0.2  N  potassium  ferricyanide  is 
added  to  0.5  N  copper  sulfate  and  the  resulting  light  brown  preci¬ 
pitate  is  dissolved  in  ammonia.  The  emerald  green  solution  keeps 
for  several  days. 


(4)  Test  with  chloranil  153 

Ascorbic  acid  is  oxidized  by  chloranil  (tetrachloro-/>-quinone).  In  alcoholic 
or  water-alcoholic  solution,  the  reaction  is  discernible  through  the  discharge 
of  the  yellow  solution  color  of  the  chloranil,  provided  rather  large  quantities 
of  the  reactants  are  present.  The  redox  reaction  occurs  also  in  dilute  solutions, 
either  of  ascorbic  acid  or  chloranil,  and  permits  the  detection  of  the  ascorbic 
acid  through  the  demonstrable  consumption  of  chloranil.  Since  very  dilute 
chloranil  solutions  are  colorless,  it  is  necessary  to  use  the  very  sensitive 
test  for  chloranil  involving  tetrabase  as  reagent.  This  test  (page  321)  is 
based  on  the  production  of  a  blue  diphenylmethane  dyestuff  through  oxida¬ 
tion  of  tetrabase.  Accordingly,  if  the  acetic  acid  solution  to  be  tested  for 

aCld  1S  treated  Wlth  a  little  chloranil,  warmed,  and  tetrabase  then 
a  ed,  a  negative  response  to  the  chloranil  test  shows  that  the  latter  has 
been  consumed  and  consequently  the  presence  of  ascorbic  acid  is  indicated, 
s  in  the  other  tests  for  ascorbic  acid  based  on  redox  reactions,  the  absence 

k  twer  rfducing,af nts  IS  necessary.  An  advantage  of  the  test  with  chloranil 
is  that  citric  acid,  tartaric  acid,  oxalic  acid,  formic  acid,  and  formaldehyde 
do  not  react  with  chloranil.  enyQe 
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tion  is  then  added,  and  the  heating  continued  for  2-3  minutes.  A  comparison  test 
with  a  drop  of  water  or  dilute  acetic  acid  should  be  made.  The  presence  of  ascor¬ 
bic  acid  is  indicated  if,  in  contrast  to  the  blank,  no  blue  color  appears  or  if  a 
distinctly  weaker  blue  results. 

Limit  of  Identification:  0.5  y  ascorbic  acid 
Dilution  Limit:  1  :  100,000 

Reagents:  1)  Chloranil  164,  0.001  %  solution  in  alcohol 

2)  Tetrabase  165,  0.2  g  is  dissolved  in  just  enough  1  :  1  acetic  acid, 
and  the  volume  made  up  to  10  ml  with  saturated  sodium  acetate 
solution 


(5)  Other  tests  for  ascorbic  acid 

a)  The  brown  solution  of  ferric  ferricyanide  (equal  parts  of  8%  acetic 
acid,  1%  ferric  sulfate,  0.4%  potassium  ferricyanide)  gives  a  blue  pre¬ 
cipitate  or  color  with  ascorbic  acid.  [Identification  Limit:  3  y  ascorbic 
acid)  166.  Considerable  quantities  of  cystein,  pyrogallol  and  glutathione 
react  similarly  to  ascorbic  acid.156 

Ascorbic  acid  is  not  stable  if  its  alkaline  solution  stands  in  contact  with 
air.  Since,  however,  this  autoxidation  proceeds  gradually,  tests  based  on 
redox  reactions  with  ammoniacal  solutions  of  ascorbic  acid  are  possible. 
This  is  the  basis  of  the  following  reactions,  which  may  be  conducted  as 
spot  tests.  15®a 

b)  A  red  precipitate  of  cuprous-£-dimethylaminobenzylidenerhodanine 
appears  when  an  ammoniacal  solution  of  ascorbic  acid  is  added  to  a  reagent 
solution  consisting  of  0.5  N  copper  sulfate  plus  an  equal  volume  of  1  N 
sodium  pyrophosphate  plus  several  drops  of  saturated  ^-dimethylamino- 
benzylidenerhodanine.  The  reagent  solution  keeps  for  1/2  day.  One  drop  is 
placed  on  filter  paper  and  spotted  with  one  drop  of  the  ammoniacal  test 
solution.  ( Idn .  Limit:  0.05  y). 

c)  A  drop  of  Na2CuP207  solution  (preparation,  see  b ),  to  which  has  been 
added  several  crystals  of  KCNS,  is  mixed  on  a  wratch  glass  or  black  spot 
plate  with  a  drop  of  the  ammoniacal  test  solution.  1  he  production  of  cuprous 
thiocyanate  gives  a  white  precipitate  or  turbidity.  (Idn.  Limit:  2y). 

d)  A  white  fleck  results  when  filter  paper  impregnated  with  a  little  Pb02 
or  TU03  is  spotted  with  the  ammoniacal  test  solution.  The  reduction  of 
these  higher  oxides  is  made  more  evident  by  bathing  the  dried  paper  in  a 
solution  of  benzidine  hydrochloride  (see  page  30. >) 

Hydrazine  or  hydroxylamine  interfere  with  tests  a),  b),  c). 

e )  The  ninhydrin  test  for  amino  acids  (page  207)  can  also  serve  for  the 
detection  of  ascorbic  acid 157 ;  a  reddish-brown  fleck  or  ring  is  obtained.  (Idn. 
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Limit:  10  y).  Large  amounts  of  glucose  interfere,  but  citric  acid  does  not. 
Amino  acids  must  be  destroyed  by  adding  0.5  %  sodium  nitrite  solution  to 
the  test  solution. 

/)  The  test  for  reducing  sugars  by  means  of  triphenyltetrazolium  chloride 
(page  285)  can  be  employed  for  the  detection  of  ascorbic  acid.  In  view  of  the 
instability  of  alkaline  solutions  of  ascorbic  acid,  the  test  solution  must  be 
added  to  a  boiling  mixture  of  two  drops  of  triphenyltetrazolium  chloride 
solution  and  one  drop  of  0.5  %  sodium  hydroxide.  ( Idn .  Limit:  0.2  y)  157 


45.  Morin  and  Hydroxyflavanols 


( 1 )  Tests  by  formation  of  fluorescent  metal  compounds  158 

Derivatives  of  flavone  (I)  and  flavonol  (II)  with  OH-  and  OCH3-groups 
in  various  positions  of  the  two  rings  are  (usually  in  the  form  of  glucosides) 
important  yellow  plant  pigments. 


Among  the  flavone  pigments,  which  in  part  are  still  used  as  mordant 
dyestuffs,  are  morin  (5,7,2  ,4  -tetrahydroxyflavanol)  and  its  isomer  cjuercitin 
(5,7,3',4'-tetrahydroxy  flavanol)  whose  structural  formulas  are  (III)  and  (IV) 


The  ability  of  hydroxy  derivatives  of  flavone  and  flavanol  to  act  as 
mordant  dyes,  i.e  to  be  fixed  by  alumina  and  other  metal  oxyhydrates  is 

n  mi  fnd  avttobfhW^T  °f  ?H'Sr0UpS  *°  C°-gr°UpS'  aS  can  be 
(  )  and  (I  V) .  Probably  (and  analogous  to  the  case  of  the  hydroxyanthra- 

qumones  such  as  alizarin)  the  OH-group  in  the  5-position  is  particularly 

sssssass  ir£ 
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basis  of  sensitive  tests  for  these  metals,180  since  solutions  of  morin  in  alcohol, 
alkali  hydroxide,  etc.  do  not  fluoresce.  Conversely,  morin  can  be  detected, 
with  high  sensitivity,  through  the  formation  of  fluorescent  metal  compounds. 
The  best  procedure  is  to  allow  the  test  solution  to  react  with  an  alkaline  alkali 
beryllate  solution  or  an  acid  solution  of  zirconium  chloride.  The  former  yields 
a  yellow-green  fluorescence,  the  latter  a  blue-green  fluorescence  (Procedures 
I  and  II).  When  morin  reacts  with  alkali  beryllate,160  the  resulting  fluorescent 
product  is  a  soluble  compound,  in  which  the  beryllium  is  a  constituent  of  an 
inner  complex  anion,  as  shown  in  (V)  and  (Va).  The  zirconium-morin 
reaction  161  may  involve  a  chemical  adsorption  of  morin  on  the  surface  of 
the  colloidally  dispersed  hydrolysis  products  of  the  zirconium  chloride;  VI 
presents  a  schematic  picture  of  the  resulting  adsorption  compound.  (Compare 
the  statements  relative  to  the  zirconium-alizarin  lake,  Volume  I,  page  190). 


2 


(V)  (Va)  (VI) 

The  partial  structures  (V),  (Va),  (VI)  show  the  morin-beryllium  (zirconium) 
chelate  bondings,  which  are  essential  to  the  production  of  the  fluorescence. 

Quercitin  behaves  like  morin.  It  is  very  likely  (though  not  yet  proven) 
that  other  hydroxyflavanols  with  an  OH-  group  in  the  5-position,  will,  like 
morin  and  quercitin,  yield  fluorescing  compounds  on  treatment  with  alkaline 
beryllate  and  acid  zirconium  solutions.  Whether  the  OH-group  in  the  3- 
position  is  likewise  essential  to  the  production  of  fluorescence,  must  be 
determined  by  a  study  of  derivatives  of  flavone  which  have  an  OH-group 
in  the  5-position. 

Procedure  I.  Single  drops  of  the  acid  zirconium  chloride  solution  are  placed 
in  adjacent  depressions  of  a  spot  plate.  One  is  treated  with  a  drop  of  the  test 
solution,  the  other  with  a  drop  of  water.  Both  are  then  viewed  in  ultraviolet 
light.  If  morin  is  present,  a  yellow-green  fluorescence  is  seen,  whose  hue  depends 
on  the  quantity  present.  Very  dilute  solutions  of  morin  give  a  blue-green  fluores¬ 
cence. 

Limit  of  Identification:  0.01  y  morin 

Dilution  Limit:  1  :  5,000,000 

Reagent:  Zirconium  chloride,  0.01  %  solution 

Procedure  II.  Single  drops  of  alkaline  beryllate  solution  are  placed  in  adja¬ 
cent  depressions  of  a  spot  plate.  One  is  treated  with  a  drop  of  the  neutral  or  al- 


Refer cnees  pp.  324-328 


46 


311 


CUPFERRON  (NEOCUPFERRON) 

kaline  test  solution,  the  other  with  a  drop  of  water,  or  of  the  particular  solvent 
used  for  the  morin.  A  more  or  less  intense  yellow-green  fluorescence  appears, 
depending  on  the  quantity  of  morin  present. 

Limit  of  Identification:  0.005  y  morin 
Dilution  Limit:  1  :  10,000,000 

Reagent:  Alkaline  beryllate  solution:  0.01  %  beryllium  sulfate  solution  is 
treated  with  drops  of  0.5  N  alkali  until  the  initial  precipitate  has 
disappeared 


46.  Cupferron  (Neocupferron) 


(7)  Test  with  gallium  chloride  and  morin  162 

Cupferron  (I)  and  neocupferron  (II)  are  the  common  names  for  the  water- 
soluble  ammonium  salts  of  nitrosophenylhydroxylamine  and  nitroso-a- 
naphthylhydroxylamine,  respectively.  Both  compounds,  particularly 
cupferron,  have  considerable  importance  as  precipitants  for  metal  ions  from 
mineral  acid  solution.  Their  use  enables  the  analyst  to  accomplish  easily 
certain  separations  which  otherwise  are  quite  difficult.163  The  precipitates 
(metal  cupferronates)  are  inner  complex  salts  of  the  coordination  structure 
(III)  and  are  readily  soluble  in  organic  solvents,  such  as  ether,  chloroform, 
etc.,  which  are  not  miscible  with  water.  The  analytical  characteristics  of 
neocupferron  and  the  ammonium  salts  of  other  nitroso-arylhydroxylamines164 
are  similar  to  those  of  cupferron. 


A  very  sensitive  and  also  specific  test  for  gallium  is  based  on  the  finding 165 
that  the  colorless  chloroform  solution  of  gallium  cupferronate  when  shaken 
with  an  acidic  water-alcohol  solution  of  morin  displays  an  intense  green- 
yellow  fluorescence,  which  is  especially  visible  in  ultraviolet  light.  No  other 
metal  cupferronate  (or  its  chloroform  solution)  behaves  analogously.  The 
hue  of  the  fluorescence  in  the  chloroform  layer  is  completely  identical  with 
the  yellow-green  fluorescence  displayed  by  a  weakly  acid  dilute  gallium  salt 
solution  after  the  addition  of  a  morin  solution.  However,  the  gallium-morin 
fluorescence,  produced  m  aqueous  solution  and  in  the  absence  of  chloroform 
cannot  be  extracted  by  chloroform.  Since  the  fluorescence  of  metal  com¬ 
pounds  of  morin  is  dependent  on  the  presence  of  chelate  bonds  between  metal 
atom  and  morin  (compare  page  309),  it  is  probable  that  the  fluorescence  in 
chloroform  solution  involves  the  formation  of  an  inner  complex  salt  of 
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morin  as  shown  in  (IV),  whereas  the  chloroform-resistant  fluorescence  is 
related  to  the  production  of  an  adsorption  compound  (lake)  of  morin  with 


OH 


3 


(IV) 

fluorescent  gallium  morinate 


OH 


(V) 

fluorescent  lake:  morin  chemically 
adsorbed  on  gallium  hydroxide 


the  colloidally  dispersed  hydrolysis  products  of  gallium  chloride.  This  latter 
adsorption  complex  is  shown  schematically  in  (V).  Under  these  assumptions, 
it  would  be  plausible  to  suppose  then  when  a  chloroform  solution  of  gallium 
cupferronate  is  shaken  with  an  aqueous  solution  of  morin,  the  initial  change: 

Ga(Cupf)3  +  HMor  Ga(Mor)(Cupf)2  +  HCupf  ( 1 ) 

is  followed  by  the  disproportionation: 

3  Ga(Mor)(Cupf)2  -*  Ga(Mor)3  +  2  Ga(Cupf)3  (2) 

But  even  the  production  of  a  mixed  inner  complex  salt  of  gallium  with  the 
two  chelate-formers,  cupferron  (HCupf)  and  morin  (HMor)  as  shown  in  (7), 
wTould  satisfactorily  explain  the  solubility  in  chloroform  and  the  fluo¬ 
rescence. 

This  behavior  in  the  gallium-morin-cupferron-chloroform  system  is  the 
only  known  instance  in  which  a  strictly  specific  test  for  gallium  is  attained 
by  the  collaboration  of  two  organic  reagents,  cupferron  and  morin,  which 
separately  are  entirely  non-specific.  If  a  weakly  acid  solution  of  gallium 
chloride  is  treated  with  an  excess  of  morin  and  the  resulting  solution,  which 
has  a  yellow-green  fluorescence,  is  then  shaken  with  chloroform,  no  fluo¬ 
rescence  is  seen  in  the  chloroform  layer.  If,  however,  a  drop  of  a  solution  of 
cupferron  or  neocupferron  is  introduced,  and  the  system  again  shaken,  the 
chloroform  layer  likewise  displays  a  yellow-green  fluorescence.  This  effect 
is  given  by  quantities  of  cupferron  or  neocupferron  which  are  too  slight  to 
be  revealed  by  other  means,  such  as  the  formation  of  colored  ferric  and 
vanadium  compounds.  The  ammonium  salts  of  other  nitroso-arylhydroxyl- 
amines  can  be  expected  to  show  this  same  behavior. 
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Procedure.  One  drop  of  the  gallium  -  morin  solution  (yellow-green  fluores¬ 
cence)  is  placed  in  a  micro  test  tube  and  one  drop  of  the  solution  to  be  tested  is 
added  along  with  three  drops  of  water  and  a  drop  or  two  of  chloroform.  The 
mixture  is  well  shaken.  The  resulting  fluorescence  in  the  chloroform  layer  can 
be  seen  without  difficulty  under  ultraviolet  light,  provided  the  quantity  of 
cupferron  (neocupferron)  is  not  too  slight.  It  is  advisable,  after  the  extraction 
with  chloroform,  to  pipette  off  the  supernatant  fluorescent  water  layer,  replace 
the  water,  and  to  repeat  this  washing  process  until  the  water  no  longer  displays 
fluorescence.  In  this  way,  and  by  comparison  with  a  blank  test,  even  a  slight 
fluorescence  due  to  cupferron  or  neocupferron  can  be  distinctly  discerned  in  the 
chloroform  layer. 

Limit  of  Identification:  0.125  y  cupferron;  0.05  y  neocupferron 

Dilution  Limit:  1  :  400,000  1  :  1,000,000 

Reagents:  1)  Gallium  -morin  solution.  To  2  ml  of  0.03  %  gallium  chloride 
solution  add  3  ml  of  0.02  %  morin  solution  (in  alcohol).  The 
solution,  which  fluoresces  light  yellow  in  daylight  and  strongly 
yellow-green  in  ultraviolet  light,  is  stable. 

2)  Chloroform 


47.  Thiophen 

( 1 )  Test  by  condensation  with  isatin  166 

Isatin  (I),  dissolved  in  concentrated  sulfuric  acid,  condenses  with  thio¬ 
phen  (II),  a  reaction  accompanied  by  a  union  of  two  thiophen  radicals: 
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The  quinoidal  product  (III),187  known  as  indophenin,  dissolves  in  con¬ 
centrated  sulfuric  acid  to  give  a  blue  to  blue-green  color.  In  the  indophenin 
reaction,  which  occurs  with  even  quite  small  quantities  of  thiophen  the 

bfrTa  T  "T  tuni:tl0n  S0lely  as  a  dehydrating  agent ;  a  fact  supported 
by  the  finding  that  no  indophenin  reaction  occurs  in  syrupy  phosphoric  acid 

hich  can  be  substituted  for  concentrated  sulfuric  acid  in  many  conden- 

be  snlf8'  f?r°  u  ‘he  dyestuff  probably  requires  that  the  thiophen 
be  sulfonated  as  well  as  oxidized  788  to  a,a'-dithionyl  (VI)  by  the  concentrated 
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sulfuric  acid.  The  addition  of  a  trace  of  nitric  acid  to  the  isatinsulfuric  acid 
is  often  recommended,  but  this  device  is  not  necessary,  particularly  if  the 
reaction  is  conducted  with  gentle  heating. 

/TMethylthiophen  (IV),  £,£'-dimethylthiophen  (V),  a,a'-dithionyl  (VI) 
and  thiophthen  (VII)  analogously  condense  with  isatin  to  yield  blue 
dyestuffs.  Since  a-methyl-  and  a.a'-dimethylthiophen  do  not  react,  it  isj 
likely  that  the  condensation  with  isatin  occurs  in  the  a-position  of  thiophen 
and  thiophen  homologs,  as  shown  by  the  structural  formula  of  indo- 
phenin  (III). 


The  indophenin  reaction  can  be  carried  out  as  a  drop  reaction  on  a  spot 
plate,  in  a  porcelain  microcrucible,  or  in  a  micro  test  tube.  It  should  be 
noted  that  it  is  difficult  to  see  a  faint  blue  coloration  in  colored  solutions,  and 
that  many  colorless  organic  compounds  give  colored  solutions  in  concentrated 
sulfuric  acid.  These  interferences  are  avoided  in  the  following  procedure, 
which  utilizes  the  facts  that  thiophen  boils  at  84°  and  that  the  indophenin 
reaction  occurs  very  quickly  when  thiophen  vapor  comes  in  contact  with 
a  solution  of  isatin  in  concentrated  sulfuric  acid. 

Procedure.  169  The  apparatus  shown  in  Figure  23,  page  40  is  used.  A  drop  of 
the  test  solution  (in  benzene,  etc.)  is  placed  in  the  bulb,  and  the  knob  of  the  stop¬ 
per  is  dipped  into  the  yellow  sulfuric  acid  solution  of  isatin.  The  apparatus  is 
stoppered  and  placed  in  a  drying  oven  at  80-90°.  If  thiophen  is  present,  its 
vapors  will  color  the  suspended  drop  blue  in  1-2  minutes;  the  intensity  of  the- 
color  depends  on  the  quantity  of  thiophen.  When  traces  are  suspected,  it  is  best 
to  run  a  blank  test. 

Limit  of  Identification:  1.5  y  thiophen 

Dilution  Limit:  1  :  33,000 

Reagent:  Isatin  17°,  0.2  %  solution  in  concentrated  sulfuric  acid 


(2)  Test  by  condensation  with  benzil 171 

The  indophenin  reaction  described  in  Test  1  seems  to  be  a  special  case 
among  the  reactions  of  1,2-dikctones,  dissolved  in  concentrated  sulfuric: 
acid,  with  thiophen  (and  thiophen  derivatives  with  a  free  a-position).  It: 
has  been  reported  172  that  solutions  of  benzil  and  phenanthraquinone  ini 
concentrated  sulfuric  acid  yield  deeply  colored  products  with  thiophen.. 
These  color  reactions  occur  with  even  slight  quantities  of  thiophen.  It  is= 
probable  that  the  resulting  dyestuffs  are  formed  by  an  analogous  set  o 
reactions  and  that  they  have  constitutions  analogous  to  that  of  mdophenim 
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formed  from  isatin  and  thiophen.  The  color  reaction  between  benzil  and 
thiophen  accordingly  can  be  represented : 


2 


—2  H80 
- > 


o=c 


c 


Solutions  of  benzil  in  concentrated  sulfuric  acid  are  not  stable ;  the  light 
yellow  solution  becomes  brown  to  green  after  a  short  time.  Therefore,  it  is 
better  to  use  solid  benzil  or  a  solution  of  benzil  in  thiophen-free  benzene  as 
reagent. 

Procedure.  The  test  is  made  on  a  spot  plate  or  in  a  micro  test  tube.  A  drop  of 
the  test  solution  is  mixed  with  several  milligrams  of  benzil,  or  two  drops  of  benzil 
solution,  and  a  drop  of  concentrated  sulfuric  acid  is  then  introduced.  The  mix¬ 
ture  is  shaken,  or  stirred  with  a  thin  glass  rod.  Depending  on  the  quantity  of 
thiophen  present,  a  more  or  less  intense  violet  color  appears  at  once  or  within 
a  few  minutes. 

Limit  of  Identification:  5  y  thiophen 

Dilution  Limit:  1  :  10,000 

Reagents:  1)  Benzil 173,  2  %  solution  in  thiophen-free  benzene 
2)  Sulfuric  acid,  concentrated 


(3)  Test  by  condensation  with  ninhydrin  174 

The  color  reactions  for  thiophen  given  in  Tests  1  and  2  involve  conden¬ 
sation  reactions  with  1,2-diketones,  dissolved  in  concentrated  sulfuric  acid, 
in  which  the  latter  functions  both  as  dehydrant  and  oxidant.  Polyketones 
which  contain  two  adjacent  CO-groups  in  open  or  closed  carbon  chains  like¬ 
wise  appear  capable  of  forming  quinoidal  dyestuffs  with  thiophen  The 
behavior  of  ninhydrin  (triketohydrindene  hydrate)  strengthens  this  suppo¬ 
sition.  Even  very  dilute  solutions  of  this  triketone  in  concentrated  sulfuric 
acid  give  a  red  color  almost  immediately  following  a  slight  addition  of 
thiophen.  It  is  probable  that  the  red  dyestuff,  which  is  deep  violet  in 
greater  concentrations,  is  formed  by  an  analogous  succession  of  reactions 
and  probably  has  a  constitution  analogous  to  those  of  the  dyestuffs  formed 

by  the  reaction  of  thiophen  with  benzil  or  isatin.  If  this  be  true,  the  following 
reaction  picture  holds:  g 
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lie  color  reaction  with  ninhydrin  is  so  sensitive  that  purified  benzene, 
supposedly  free  of  thiophen,  often  gives  a  pale  but  nevertheless  easily 
discernible  pink  on  the  addition  of  ninhydrin  dissolved  in  sulfuric  acid. 

If  the  hanging  drop  method  given  in  Test  1  is  used,  ninhydrin  solution  will 
reveal^ 3  y  thiophen  at  room  temperature.  The  reagent  loses  its  activity  at 
80-90°.  The  greatest  sensitivity  is  attained  when  the  following  directions 
are  obeyed. 


Procedure.  One  drop  of  ninhydrin  solution  is  covered  with  a  drop  of  the 
solution  being  tested.  According  to  the  amount  of  thiophen,  a  deep  violet  to 
pink  color  appears. 

Limit  of  Identification:  0.2  y  thiophen 
Dilution  Limit:  1  :  250,000 

Reagent:  Ninhydrin  176,  0.01  %  solution  in  concentrated  sulfuric  acid 


48.  Furfural 

( 1 )  Test  through  condensation  with  aniline  176 

Solutions  of  furfural  (I)  in  organic  liquids,  or  in  water  (in  which  it  dissolves 
to  the  extent  of  8  per  cent),  react  with  aniline  (II)  or  aniline  salt  (the  acetate 
is  best)  to  produce  a  red  precipitate  or  color.  In  this  reaction,  the  first  stage 
consists  of  the  formation  of  a  light  yellow  177  Schiff  base  (III)  through  the 
condensation  reaction  ( 1 ).  This  then  reacts  with  aniline,  with  cleavage  of  the 
furfural  ring  and  formation  of  a  dianiline  derivative  of  hydroxy  glutaconic 
aldehyde,178  as  shown  in  (2) : 


HC 

H  c 
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CH  HC 

+  H2NC6H6  — > 

C— CHO  HC 

(II) 
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HC  CH 
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HC 
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II 
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HC 

C— OH 

C6HsNH 

CH  NC6II6 

(1) 


(2) 


(IV) 


If  the  reaction  occurs  in  acidic  solution,  soluble  salts  of  the  particular  acid 
are  formed.  Consequently,  this  extremely  sensitive  color  reaction  requires 
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the  opening  of  the  ring  with  production  of  the  hydroxy  glutaconic  aldehyde; 
it  is  the  dianilide  of  this  aldehyde  which  is  the  colored  reaction  product  (IV). 
This  interpretation  is  supported  by  the  fact  that  the  condensation  products 
(Schiff’s  bases)  of  other  primary  aromatic  amines  with  aliphatic  and  aromatic 
aldehydes  are  not  red  but  yellow  to  orange.179 

Although  furfural  boils  at  160°,  its  vapor  pressure  at  room  temperature 
is  quite  marked;  this  aldehyde  is  also  readily  volatilized  with  steam.  There¬ 
fore,  it  can  be  sensitively  detected  in  the  gas  phase  by  the  production  of  the 
red  compound  (IV)  when  the  vapors  come  into  contact  with  aniline  acetate. 
The  test  is  not  impaired  by  other  volatile  aldehydes,  such  as  formaldehyde, 
acetaldehyde,  benzaldehyde,  etc.  Other  aromatic  primary  amines  (or  their 
acetates)  react  with  furfural  in  the  same  manner  as  aniline  does.  The  reaction 
product  with  benzidine  is  violet,  but  the  test  is  less  sensitive.  However, 
furfural  is  detected  with  even  greater  sensitivity  when  xylidine  is  used  in 
place  of  aniline. 


Procedure. 180  One  drop  of  the  furfural  solution  (in  water,  alcohol,  ether, 
etc.)  is  placed  in  a  micro  crucible,  which  is  then  covered  with  a  disk  of  filter  paper 
which  has  been  moistened  with  a  solution  of  aniline  acetate.  A  small  watch  glass 
is  placed  over  the  paper  and  the  crucible  is  heated  to  40°.  A  pink  to  red  color 
appears  on  the  filter  paper,  either  at  once  or  after  5—10  minutes,  depending  on  the 
quantity  of  furfural  present. 

Limit  of  Identification:  0.05  y  furfural 

Dilution  Limit:  1  :  1,000,000 

Reagent:  Aniline  acetate  solution:  10  per  cent  solution  of  aniline  in  10  per 
cent  acetic  acid 


49.  Enzymes 

General 181 

A  number  of  substances  which  can  accelerate  the  velocity  of  a  particular 
chemical  reaction  may  often  be  detected  in  extremely  small  amounts  by 
this  catalytic  action.  The  test  is  based  either  on  the  detection  of  a  product 
o  the  catalysis  or  the  disappearance  of  the  participants  in  the  reaction. 

c  tests  for  the  catalyzing  substances  are  nearly  always  specific  as  proved 
by  per  me.1t  examples  given  in  Volume  I  and  also  pages  164  301  of  thfs  texf 
Th  fol loivmg  tests  for  certain  enzyme  groups  are  based  on  the  same  prim 

inPnbnt  *aly  C  °n'  AU  enzymes  are  organic  substances  which  orcur 
m  plant  and  animal  material  and  as  ratalwci-c  „i~ 

oxidation,  reduction,  alteration  of  of 
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characteristic  compounds,  etc.  These  changes  may  sometimes  be  recognized 
by  the  use  of  spot  tests  and  with  very  small  amounts  of  substrate,  and 
hence  the  enzymes  themselves  identified  by  sensitive  tests. 

Procedure.  A  drop  of  the  substrate  solution  and  a  drop  of  the  solution  to  be 
tested  for  a  particular  enzyme  are  mixed  on  a  strip  of  filter  paper  or  in  a  micro¬ 
crucible.  Both  the  sample  and  a  blank  test  (a  drop  of  water  and  a  drop  of  sub¬ 
strate)  are  kept  for  40  to  60  minutes  under  a  moist  bell  jar.  The  product  of  the 
reaction  is  then  treated  with  suitable  reagents. 


Pertinent  details  concerning  the  detection  of  several  enzymes  are  given  in 
Table  36. 


Table  36.  Enzymes 


Enzyme 

Substrate 

Reagent 

Color 

Diastase 

0.5  %  Soluble  starch 

Fehling’s  solution 

Brick-red  or 
orange 

Inulase 

0.5  %  Inulin 

Fehling’s  solution 

Brick-red  or 
orange 

Invertase 

0.5  %  Cane  sugar 

Fehling’s  solution 

Brick-red  or 
orange 

Emulsin 

0.5  %  Salicin 

Fehling’s  solution 

Brick-red  or 
orange 

Emulsin 

0.5  %  Indican 

Treatment  with  alka¬ 
li  with  access  to  air 

Blue 

Lipase 

0.2  %  Emulsion  of 
olive  oil 

Methyl  red 

Red 

Duty  rase 

0.2  %  Ethyl  acetate- 
water  emulsion 

Methyl  red 

Red 

Urease 

1%  Urea 

Phenolphthalein 

Pink 

Phenolase 

1  %  Tincture  of  guaiac 

Phenolphthalein 

Blue 

Tyrosinase 

Tyrosine 

Phenolphthalein 

Brown 

Other  reactions,  described  elsewhere  in  this  book,  may  also  be  applied 
as  tests  for  enzymes.  Some  examples  are  given  in  the  following  sections.182 


Urease 

(2)  Test  by  the  liberation  of  ammonia 

Urease  brings  about  the  rapid  and  complete  hydrolysis  of  urea  into 
ammonia  and  carbon  dioxide  at  room  temperature.  The  enzyme  may  there¬ 
fore  be  detected  by  mixing  a  drop  of  the  test  solution  and  a  drop  of  a 
per  cent  solution  of  urea  in  the  apparatus  shown  in  Figure  26,  page  45.  Ihe 
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funnel  stopper  is  covered  with  a  piece  of  filter  paper  impregnated  witli 
manganese-silver  reagent  solution  (see  page  72).  If  urease  is  present,  the 
ammonia  set  free  blackens  the  paper  in  ten  minutes  or  less. 

An  alternative  procedure  is  to  place  a  drop  of  the  solution  being  tested 
for  urease  in  a  depression  of  a  spot  plate  and  then  add  a  drop  of  10  per  cent 
urea  solution.  After  5-10  minutes,  the  production  of  ammonia  can  be  proved 
by  adding  a  drop  of  Nessler  solution  (see  page  300). 

It  should  be  noted  that  certain  heavy  metals  ions  (Hg+2,  Ag+)  and  like¬ 
wise  Cu+2  in  slight  amounts  inactivate  relatively  large  quantities  of  urease, 
or  greatly  lengthen  its  required  reaction  period.183 


(2)  Test  by  splitting  biuret  and  urea 

A  second  test  for  urease  is  based  on  the  fact  that  this  enzyme  accelerates 
the  hydrolytic  splitting  of  biuret  as  well  as  urea: 

nh2  nh2 

|  |  +  2H20  — >  2  C02  +  3  NH3  (2) 

0=C — NH — C=0 

This  hydrolysis  can  be  shown  by  the  procedure  previously  described  if  a 
biuret  solution  (saturated  at  room  temperature)  is  used  in  place  of  a  10  % 
solution  of  urea.  Another  means  of  demonstrating  this  hydrolysis  is  the 
decomposition  of  a  solution  of  the  complex  alkali-nickel  biuret  by  means  of 
urease. 

When  biuret  reacts  with  nickel  ions  plus  alkali  hydroxide,  the  resulting 
yellow  solution  gives  no  red  precipitate  on  the  addition  of  dimethylglyoxime. 
This  masking  of  the  sensitive  test  for  nickel  is  due  to  reaction  (2)  which 
produces  the  complex  nickel-bearing  anions  of  the  aci- form  of  biuret:  184 


o=c — nh2 

I 

2  NH  +  Ni+2  +  4  OH- 
o=c— nh2 


o=c— nh2  h2n— c=o 
I  *\  I 

HN  //Ni\v  NH 

o—  C=N  N=C— o— 


+  4  H20 


(2) 


The  equilibrium  of  this  masking  reaction  lies  so  far  to  the  right,  that  the 
concentration  of  nickel  ions  is  insufficient  to  give  a  visible  reaction  with 
dimethylglyoxime.  However,  if  urease  is  added  to  the  solution  containing 
the  nickel  biuret  anions,  and  saponifies  the  fcaso-form  of  biuret  as  shown 
[n  the  restoration  of  equilibrium  (2)  releases  nickel  ions  as  well  as  the 
oaso-form  of  biuret.  In  this  way  the  concentration  of  the  nickel  ions  is  brought 

°,a  ,eV!i  at  ™hlch  the  dimethylglyoxime  reaction  can  occur  to  a  visible 
extent.  The  following  test  for  urease  is  based  on  this  demasking  of  nickel 
rom  solutions  containing  complex  nickel  biuret  anions.  This  procedure  has 
-he  advantage  of  being  applicable  in  alkaline  solutions  and  furthermore  the 
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presence  of  small  amounts  of  ammonium  salts  does  not  interfere.  Large 
quantities  of  ammonia  cause  precipitation  of  nickel  dimethylglyoxime  from 
the  equilibrium  solution.  Proteins  give  the  same  effect  and  of  course  all  acid 
substances  which  take  up  OH-  ions. 

Procedure.185  Drops  of  the  clear  alkali-nickel  biuret  reagent  solution  are  placed 
in  adjacent  depressions  of  a  spot  plate.  A  drop  of  the  neutral  or  alkaline  test 
solution  is  added  to  one  depression  and  a  drop  of  water  to  the  other.  The  mix¬ 
tures  are  allowed  to  stand  for  10-15  minutes  at  room  temperaure  and  then  both 
are  treated  with  a  drop  of  dimethylglyoxime  solution.  If  urease  is  present,  there 
is  an  immediate  precipitation  of  red  nickel  dimethylglyoxime.  The  yellow  color 
of  the  blank  remains  as  it  was  or  it  may  show  a  slight  change  toward  orange. 

Reagents:  1)  Sodium-nickel  biuret  solution:  1  gram  of  nickel  sulfate  (hexa- 
hydrate)  is  dissolved  in  50  ml  of  water  and  1  gram  of  biuret  is 
added.  The  solution  is  warmed  and  15  ml  of  1  A  sodium  hydrox¬ 
ide  introduced.  The  precipitate  of  nickel  hydroxide  is  filtered  off. 
On  long  standing,  particularly  in  open  vessels,  the  solution 
becomes  turbid  because  of  the  deposition  of  nickel  hydroxide. 
Such  turbid  solutions  can  be  used  after  they  are  filtered. 

2)  Dimethylglyoxime,  1  %  solution  in  95  %  alcohol 

Zymase 

Zymase  ferments  sugar  with  the  formation  of  alcohol  and  carbon  dioxide. 
The  carbon  dioxide  produced  may  be  identified  by  the  reaction  described 
in  Volume  I  (decolorization  of  sodium  carbonate  solution  colored  red  with 
phenolphthalein) .  The  test  may  be  carried  out  in  the  apparatus  described 
on  page  40  (Fig.  23).  A  drop  of  the  solution  to  be  tested  for  zymase  is  mixed 
with  a  drop  of  a  5  %  solution  of  glucose.  In  the  presence  of  zymase,  the  drop 
is  decolorized  in  about  10  minutes. 


fi-Glucosidases  (Emulsin) 

Emulsin  causes  the  glucoside  amygdalin  to  break  down  with  liberation 
of  prussic  acid,  which  can  easily  be  identified  by  the  cyanide  test  described 
in  Volume  I  page  68  (blue  color  with  benzidine-copper  acetate ;  see  also  p.  74). 

A  drop  of  the  solution  to  be  tested  for  emulsion  is  placed  in  the  apparatus 
described  on  page  41  (Fig.  26).  A  little  amygdalin  is  added  and  the  funnel 
stopper  is  covered  with  a  piece  of  filter  paper  impregnated  with  the  benzi¬ 
dine-copper  acetate  reagent.  A  blue  color  after  a  few  minutes  indicates 
prussic  acid,  and  hence  emulsin. 


Lipases 

Lipases  are  ester-splitting  enzymes.  They  can  easily  be  identified  by 
using  the  test  for  esters  described  on  page  171.  Tins  test  is  based  on  the  pro 
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duction  of  a  red  ferric  salt  of  the  hydroxamic  acid  of  the  underlying  carbox¬ 
ylic  acid. 

A  drop  of  a  castor  oil  emulsion  is  placed  in  each  of  two  microcrucibles. 
A  drop  of  the  solution  to  be  tested  for  lipase  is  placed  in  one  of  the  crucibles. 
After  1  to  2  hours,  the  contents  of  the  crucibles  are  tested  for  esters.  In  the 
presence  of  lipase,  the  reaction  is  negative,  or  decidedly  weaker,  while  the 
blank  test  gives  the  characteristic  violet  color  due  to  esters. 


Catalase 

Catalases  are  ferments  that  catalyze  the  decomposition  of  hydrogen 
peroxide  with  liberation  of  molecular  oxygen.  They  can  therefore  be  detected 
by  the  disappearance  of  hydrogen  peroxide  from  the  substrate.  The  titanium 
salt  reaction  based  on  the  formation  of  yellow  pertitanate  compounds  is 
used  for  the  peroxide  test.  The  test  with  lead  sulfide  paper  (conversion  of 
black  lead  sulfide  into  white  lead  sulfate)  also  serves  well.186  Both  tests  are 
described  in  Volume  I,  Chapter  4. 

A  drop  of  the  solution  to  be  tested  for  catalase  is  mixed  with  a  drop  of 
a  3  %  solution  of  hydrogen  peroxide  and  left  for  one  hour.  In  the  presence 
of  catalase,  the  addition  of  a  titanium  salt  will  give  no  color,  or  only  a  slight 
yellow,  while  the  blank  test  develops  an  orange-yellow. 

A  drop  of  the  solution  treated  with  hydrogen  peroxide  may  also  be  placed 
on  lead  sulfide  paper.  The  positive  or  negative  response  to  the  hydrogen 
peroxide  reaction  can  be  noted;  the  latter  indicates  the  presence  of  catalase. 


Peroxidase  (Blood)  187 

The  hemoglobin  of  blood  has  the  activity  of  a  peroxidase  and  catalyzes 
the  oxidation  by  hydrogen  peroxide  of  benzidine  to  benzidine  blue. 

A  drop  of  the  solution  to  be  tested  for  blood  ( e.g .,  urine)  is  placed  on 
spot  paper  (S  &  S  598g)  and  treated  first  with  a  drop  of  3  %  hydrogen 
peroxide  and  then  with  a  drop  of  0.05  %  solution  of  benzidine  in  10  % 
acetic  acid.  When  blood  is  present,  a  blue  stain  appears  after  a  time,  varying 

from  a  few  seconds  to  1  minute  according  to  the  amount  present.  The  color 
lasts  for  about  1  hour. 

The  sensitivity  and  rapidity  of  the  test  may  be  increased,  but  at  the 
expense  of  the  length  of  life  of  the  color,  by  adding  a  drop  of  2  N  sodium 

y  roxide  to  the  spot  paper  before  applying  the  specimen,  and  then  pro¬ 
ceeding  as  just  prescribed.  p 


50.  Tetrachloro-/?  benzoquinone  (Chloranil) 

(1)  Test  by  oxidation  of  tetr abase  188 

Tetrachloro  ^-benzoquinone  (I),  also  known  as  chloranil,  acts  as  an  oxidant 
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under  suitable  conditions.  It  is  reduced  to  tetrachlorohydroquinol  (II)  or  to 
the  corresponding  anion  (I la). 


Cl  Cl  ci  Cl 


Cl  Cl  Cl  Cl 

(I)  (Ila) 


For  example,  the  addition  of  an  alcoholic  solution  of  chloranil  to  an 
acidified  alkali  iodide  or  bromide  solution  liberates  iodine  or  bromine,  or, 
when  introduced  into  an  acetic  acid  solution  of  tetramethyl-/>-diamino- 
diphenylmethane  (III)  (tetrabase),  there  is  immediate  oxidation  to  a  basic 
blue  diphenylmethane  dyestuff  which  contains  the  quinoidal  cation  (IV). 

When  a  dilute  ether  solution  of  chloranil  is  treated  with  a  dilute  ether 
solution  of  tetrabase  (III),  there  is  no  noticeable  change.  If,  however,  a  drop 
of  the  light  yellow  ethereal  mixture  is  placed  on  filter  paper  or  in  a  depression 
of  a  spot  plate,  evaporation  of  the  solvent  leaves  a  deep  blue  residue  which 
probably  is  identical  with  the  blue  oxidation  product  of  the  tetrabase,  which 
can  be  produced  by  other  means  (electrolytic  oxidation,  lead  dioxide,  etc.).189 
The  same  effect  may  be  observed  if  alcohol,  chloroform,  benzene  or  the  like 
is  used  as  the  mutual  solvent.  When  the  solution  of  (I)  and  (III)  in  a  solvent 
which  is  not  miscible  with  water  is  shaken  with  water,  no  change  is  apparent. 
Therefore,  it  seems  that  non-reactivity  is  produced  as  a  consequence  of  the 
formation  of  stable  solvates  of  chloranil  and  tetrabase,  and  a  redox  reaction, 
leading  to  a  colored  oxidation  product  of  tetrabase,  occurs  only  after  the 
evaporation  of  the  solvent.  As  a  matter  of  fact,  the  blue  product  can  also 
be  formed  by  means  of  a  solid-solid  reaction,  namely  by  grinding  together 
dry  chloranil  and  dry  tetrabase.  The  reaction  can  be  represented: 


ci  ci 
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The  redox  reaction  between  chloranil  and  tetrabase  in  the  absence  of 
solvents  can  be  made  the  basis  of  a  sensitive  drop  reaction  for  the  detection 
of  chloranil. 

Quinone  and  anthraquinone  do  not  react  with  tetrabase  under  the  con¬ 
ditions  prescribed  here.  Only  benzoyl  superoxide  (and  probably  all  organic 
peroxide  compounds)  oxidize  tetrabase  to  the  blue  diphenylmethane  dyestuff. 
Accordingly,  the  test  is  quite  selective. 

Procedure.  A  minimum  quantity  of  the  solid  sample  or  a  drop  of  its  solution  in 
ether,  benzene,  etc.,  is  placed  in  a  depression  of  a  spot  plate.  One  drop  of  an 
ether  solution  of  tetrabase  is  added  and  stirred  with  a  glass  rod.  A  blue  residue  is 
left  as  the  solvent  evaporates.  Alternatively,  a  drop  of  the  ether  test  solution 
can  be  placed  on  filter  paper,  which  has  previously  been  spotted  with  a  drop  or 
two  of  the  reagent  solution.  According  to  the  quantity  of  chloranil  present,  the 
evaporation  of  the  ether  leaves  a  deep  blue  to  light  blue  fleck. 

Limit  of  Identification:  0.25  y  chloranil 

Dilution  Limit:  1  :  250,000 

Reagent:  Tetrabase  (tetramethyl-p-diaminodiphenylmethane) 190,  1  %  solution 


in  ether 


51.  Pentachlorophenol 


(/)  Test  by  conversion  into  chloranil 

Pentachlorophenol  (I)  is  easily  converted  to  chloranil  (II)  by  brief  warming 
with  concentrated  nitric  acid:  190a 


Cl  Cl 


Cl  ci 


ci  ci 
(i) 


Cl  Cl 

(II) 


This  reaction,  whose  occurrence  is  revealed  by  the  yellow  color  due  to 
the  chloranil  formed,  is  the  basis  of  a  test  for  nitric  acid191  and  also  of  a 
colorimetric  method  for  determining  chloranil.  However,  this  procedure 
or  the  detection  of  chloranil  is  neither  sensitive  ( Idn .  limit:  12  v  in  drrmcl 
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remaining  after  the  reaction  with  the  nitric  acid,  must  be  destroyed  by 
adding  urea  [CO(NH2)2  +  2HNOa->  C02  +  3H20  +  2NJ.  This  precaution 
is  necessary  to  prevent  oxidation  of  the  tetrabase  by  nitrogen  oxides. 

Procedure.193  One  drop  of  the  test  solution  is  evaporated  in  a  micro  test  tube. 
The  residue  is  treated  with  a  drop  of  concentrated  nitric  acid  and  the  mixture  is 
briefly  warmed  over  a  flame  or  kept  for  2  minutes  in  the  boiling  water  bath. 
After  cooling,  several  milligrams  of  urea  are  added,  followed  by  a  drop  of  a 
solution  of  tetrabase  in  citric  acid  *  and  a  pinch  (tip  of  knife  blade)  of  solid  sodium 
acetate.  The  mixture  is  then  reheated  over  the  flame,  or  plunged  into  warm  wa¬ 
ter.  A  blue  color  indicates  the  formation  of  chloranil  and  hence  the  presence  of 
pentachlorophenol  in  the  sample.  When  testing  for  small  amounts,  it  is  best  to 
run  a  comparison  blank. 

Limit  of  Identification:  2.5  y  pentachlorophenol 

Dilution  Limit:  1  :  20,000 

Reagents:  1)  Nitric  acid,  concentrated 

2)  Urea 

3)  Citric  acid  solution  of  tetrabase:  2.5  g  tetramethyl-/>-diamino- 
diphenylmethane  190  and  10  g  citric  acid  are  dissolved  in  10  ml 
water  and  diluted  to  500  ml 
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Chapter  6 

Applications  of  Spot  Reactions  for  Special  Technical 

and  Scientific  Purposes 


Control  tests,  tests  of  the  purity  of  technical  and  pharmaceutical  products, 
criminalistic  investigations,  and  researches  in  the  biological  sciences  often 
demand  a  rapid  decision  as  to  the  presence  or  absence  of  a  certain  material. 
It  has  been  found  that  many  of  the  spot  reactions  described  for  soluble  or 
insoluble  inorganic  compounds  can  be  usefully  applied,  either  unaltered  or 
with  slight  modification,  for  the  above  purposes  and  with  the  consumption 
of  only  small  amounts  of  the  sample.  The  same  problems  arise  of  course 
with  respect  to  the  detection  of  organic  and  organometallic  compounds.  In 
addition,  it  is  often  of  great  importance  in  preparative  chemistry,  and  when 
studying  organic  natural  products,  to  be  able  to  determine  quickly  and  with 
the  expediture  of  not  more  than  a  small  quantity  of  the  material,  whether 
certain  organic  compounds  or  members  of  particular  types  of  compounds 
have  been  formed  or  are  present.  Furthermore,  it  is  of  value  to  test  pharma¬ 
ceuticals  and  drugs  by  means  of  spot  reactions,  which  are  acceptable  to  the 
various  pharmacopeias.*  The  use  of  spot  reactions  for  such  special  assign¬ 
ments  in  qualitative  organic  analysis  has  not  been  given  much  consideration, 
or  at  least  the  literature  contains  relatively  few  records  along  this  line.  The 
reason  is  that  spot  reactions  are  still  far  less  popular  in  organic  qualitative 
analysis  than  in  the  corresponding  inorganic  field.  However,  the  future  will 
undoubtedly  see  a  more  intensive  and  extensive  employment  and  develop¬ 
ment  of  spot  reactions,  and  it  may  be  safely  assumed  that  the  acquired 
experiences  and  findings  will  lead  to  a  further  growth  of  organic  spot  testing 
and  consequently  to  its  more  wide-spread  application  to  the  solution  of 
special  technical  and  scientific  problems. 

Pertinent  examples  of  the  efficacy  of  organic  spot  test  analysis  in  the 
solution  of  these  special  problems  will  be  given  in  the  following  pages,  but  no 
c  aims  are  made  regarding  completeness  of  coverage  of  the  field.  A  short 
ffi  lography  citing  other  applications  of  organic  spot  tests  is  given-  it  is 
hoped  that  it  will  be  useful  and  suggestive  of  further  applications.  The  pro- 

The  first  steps  in  this  direction  were  initiated  in  1936  at  Vienna  by  R.  Wasicky.i 


References  pp.  369-371 


CATIONS  OF  SPOT  REACTIONS  g 

cedures  given  here  have  been  tested  repeatedly;  they  have  shown  that  they 
succeed  with  even  small  amounts  of  the  sample. 

This  chapter  does  not  include  a  discussion  of  the  exceedingly  important 
sometimes  even  indispensable  applications  of  organic  spot  tests  in  column 
and  paper  chromatography.  Excellent  monographs  dealing  with  this  topic 
are  available.10  It  is  certain  that  these  types  of  chromatography,  which  are 
now  so  important  in  so  many  fields,  will  make  ever-increasing  use  of  sen¬ 
sitive  organic  spot  tests  based  on  the  formation  of  colored  reaction  products, 
and  especially  those  tests  which  can  be  conducted  in  aqueous  or  alcoholic 
solutions  with  an  appropriate  reagent.* 

Two  other  observations  are  in  order  here  regarding  the  use  of  organic 
spot  test  analysis.  1  he  first  concerns  the  fact  that  sometimes  it  is  possible 
to  make  semi-quantitative  determinations  by  means  of  color  reactions  car¬ 
ried  out  in  the  form  of  spot  tests.  Experiences  in  the  inorganic  field  have 
demonstrated  that  fairly  exact  determinations  are  possible  when  spot  tests 
carried  out  with  the  test  solutions  are  compared  with  the  results  obtained 
by  the  same  procedure  with  standard  solutions.  This  "spot  colorimetry", 
which  represents  a  simple  micro  method,  will  assuredly  also  find  application 
in  the  determination  of  certain  organic  compounds.  The  second  observation 
relates  to  the  high  didactic  value  of  organic  spot  tests.  When  different  organic 
spot  reactions  are  carried  out  with  a  minimum  expenditure  of  time  and 
material,  quite  a  bit  may  be  learned  and  observed  about  the  behavior  of 
organic  compounds  with  respect  to  their  reactivity.  An  especially  fine  oppor¬ 
tunity  is  provided  when  spot  reactions  are  conducted  together  with  prepara¬ 
tive  work.2  This  again  proves  that  chemical  analysis  is  by  no  means  purely 
routine  work,  but  that  it  is  also  experimental  chemistry,  related  to  many 
separate  fields  of  chemistry. 

1.  Detection  of  Acid  and  Basic  Compounds  in  Organic  Materials 3 

The  presence  of  free  carboxylic  and  sulfonic  acids,  phenols,  and  also  salts 
of  organic  nitrogen  bases  with  inorganic  and  organic  acids  can  be  tested  by 
the  behavior  of  the  sample  toward  a  water  solution  of  alkali  nickel  biuret. 
The  yellow  alkaline  solution  of  these  salts  with  the  inner  complex  anion  (I) 
presents  the  equilibrium: 

-  -  -  —-a  o=c — NHa 

-f  4  H  O  2  NH  +  Ni+2  +  4  OH~ 

I 

0=C — NHa 

~  ~  "  (I)  "  '  ~  <«> 

*  To  cite  only  one  example,  the  iodine-azide  reaction  (page  164)  was  used  to  identify  the 
sulfur-bearing  amino  acids  separated  by  paper  chromatography.1'' 


0=C — NH2  H,N— 
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HN 
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In  this  equilibrium  (see  test  for  urease  on  page  319),  the  concentration  of 
nickel  ions  is  so  low  that  there  is  no  precipitation  of  nickel  hydroxide  nor  of 
red  nickel  dimethyl-glyoxime,  on  the  addition  of  dimethylgloxime.  This  fact 
signifies  that  the  nickel  in  these  complex  cations  is  masked  against  OH  ions 
and  also  against  dimethylglyoxime.  When  water-soluble  or  water-insoluble 
materials  which  deliver  H+  ions  or  consume  OH~  ions  are  added  to  the 
equilibrium  solution,  the  disturbance  of  the  equilibrium  causes  the  complex 
anion  (I)  , which  contains  the  aa-form  of  biuret,  to  yield  the  corresponding 
baso-iorm  (II).  Nickel  ions  are  released  at  the  same  time,  and  their  concen¬ 
tration  rises  to  such  a  degree  that  the  dimethylglyoxime  reaction  can  occur 
to  a  visible  extent.  The  following  procedure  for  the  detection  of  acidic  organic 
materials  is  based  on  this  demasking  of  nickel. 

Procedure  I.  A  little  of  the  solid,  or  a  small  volume  of  its  solution  or  suspen¬ 
sion  in  alcohol  or  water,  is  placed  in  a  depression  of  a  spot  plate.  A  drop  of  alkali 
nickel  biuret  solution  is  added  and  followed  by  a  drop  of  alcoholic  dimethylgly¬ 
oxime  solution.  Precipitation  of  red  nickel  dimethylglyoxime  indicates  the  pre¬ 
sence  of  carboxylic  acids,  sulfonic  acids,  phenols,  or  salts  of  organic  nitrogen 
bases. 

This  demasking  of  nickel  from  such  equilibrium  solutions  can  also  serve 
as  the  basis  of  a  test  for  organic  nitrogen  bases.  This  test  ( Procedure  II) 
requires  that  the  sample  be  taken  to  dryness  along  with  some  dilute  hydro¬ 
chloric  acid.  The  excess  acid  is  removed  by  brief  heating  at  110°.  Because  of 
hydrolysis,  the  residue  containing  the  hydrochlorides  of  organic  bases  be¬ 
haves  like  free  hydrochloric  acid,  i.e.  it  demasks  the  nickel  from  a  solution  of 
alkali  biuret.  When  Procedure  II  is  used,  it  should  be  noted  that  some  hydro¬ 
chlorides  of  organic  bases  decompose  with  release  of  hydrochloric  acid  when 
heated  to  110°.  The  hydrochloride  of  diphenylamine,  for  instance,  behaves  in 
this  way.  Obviously,  such  bases  are  not  amenable  to  this  test. 

Procedure  II.  A  little  of  the  solid,  liquid,  or  dissolved  sample  is  placed  in  a 
microcrucible  and  a  drop  of  dilute  hydrochloric  acid  is  added.  The  mixture  is 
taken  to  dryness  on  the  water  bath  and  the  crucible  plus  its  contents  are  kept 
for  3-5  minutes  in  an  oven  at  1 10°.  The  cold  residue  is  then  treated  with  a  drop 
of  the  alkali  nickel  biuret  solution  and  followed  by  a  drop  of  dimethylglyoxime 
solution.  A  red  precipitate  of  nickel  dimethylglyoxime  appears  if  organic  bases 
are  present. 

Reagents:  1)  Sodium  nickel  biuret  solution:  1  g  of  NiS04-6  H20  is  dissolv¬ 
ed  in  50  ml  water  and  1  g  of  biuret  is  added.  The  solution 
is  warmed  and  15  ml  of  1  y  sodium  hydroxide  is  added.  The 
precipitate  of  nickel  hydroxide  is  filtered  off.  The  solution  be¬ 
comes  turbid  on  long  standing  (nickel  hydroxide)  and  should  be 
filtered  before  use. 
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2)  Hydrochloric  acid,  dilute 

3)  Dimethylglyoxime,  1  %  solution  in  alcohol 

2.  Detection  of  Mineral  Constituents  in  Papers  4 
(Differentiation  of  Filter  Papers) 

Inner  complex  salts  are  precipitated  by  the  reaction  of  8-hydroxyquin- 
oline  (oxine)  with  many  metal  ions.5  Many  of  these  products  display  a 
yellow-green  fluorescence  in  ultraviolet  light.  Oxinates  are  also  formed  when 
metal  oxides  and  carbonates  come  in  contact  with  solutions  of  oxine  in 
organic  liquids,  in  fact  they  are  even  formed  by  the  action  of  the  vapor  above 
solid  oxine  (see  page  274).  Various  sorts  of  papers  contain  calcium,  magne¬ 
sium,  and  aluminum,  which  are  oxinate-formers.  These  metals  are  present  in 
paper  as  the  oxide  or  carbonate,  and  probably  also  as  water-insoluble  com¬ 
pounds  of  cellulose,  etc.  They  are  in  a  high  state  of  dispersion  and  conse¬ 
quently  provide  excellent  conditions  for  the  action  of  oxine.  Accordingly, 
if  a  paper  which  contains  mineral  constituents  of  this  kind  is  spotted  with 
a  chloroform  solution  of  oxine,  a  fluorescent  fleck  remains  after  the  solvent 
evaporates.  The  ash  of  paper  can  of  course  be  tested  for  calcium,  magnesium, 
and  aluminum  in  this  same  way. 

Solutions  of  oxine  derivatives  can  likewise  be  employed  to  provide  a 
fluorescent  system.  Chloroform  or  water  solutions  of  tribromooxine  or  water 
solutions  of  5-sulfoiodooxine  are  suitable.  These  latter  cases  do  not  involve 
the  production  of  a  fluorescent  metal  complex  as  an  independent  phase.  They 
represent,  instead,  chemical  adsorption  on  the  surface  of  a  finely  divided 
metal  oxide.6 

The  results  obtained  with  various  kinds  of  paper  are  summarized  in  Table  37. 

This  fluorescence  test  will  reveal  the  presence  of  only  the  oxinate-forming 
calcium,  magnesium,  and  aluminum.  Titanium,  which  sometimes  is  used  as 
a  filler,  and  iron,  which  may  be  present  as  an  impurity,  cannot  be  detected 
in  this  way  because  their  oxinates  do  not  fluoresce. 

The  inorganic  matter  in  paper  can  be  converted  into  oxinates  by  exposure 
to  oxine  vapor.  This  can  be  accomplished  at  room  temperature  by  placing 
the  sample  over  a  crucible  containing  solid  oxine.  After  a  few  minutes,  a 
weak  fluorescence  is  discernible  under  ultraviolet  light,  and  the  intensity 
increases  with  longer  exposure.  It  seems  remarkable  that  even  the  low  vapor 
pressure  of  oxine  at  ordinary  temperatures  is  sufficient  to  produce  oxinates. 
The  action  of  oxine  vapor  can  hardly  be  explained  by  assuming  a  transform¬ 
ation  of  the  inorganic  matter  into  stoichiometric  oxinates.  It  is  more 
probable  that  the  vapor  reacts  with  the  metal  on  the  surface  of  the  paper 
without  forming  a  new  phase;  in  other  words  it  is  chemically  adsorbed. 
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ORGANIC  MATERIAL  IN  DUSTS,  SOILS,  ETC. 
Table  37.  Fluorescence  Test 
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Paper 

Ash  (from  15  cm2  paper) 

Original  paper 

Filter: 

Qual.  605* . 

+ 

— 

Qual.  613* . 

+ 

+ 

Qual.  615* . 

+ 

+ 

Quant.  589  Blue** . 

no  ash 

— 

Quant.  589  Red** . 

no  ash 

— 

Quant.  589  White** . 

no  ash 

— 

Quant.  589  Black** . 

no  ash 

— 

Quant.  589*** . 

no  ash 

— 

CrS  200  Note . 

not  ignited 

— 

News  Print . 

+ 

+ 

Bond . 

+ 

+ 

Onion  Skin . 

+ 

+ 

Drawing . 

+ 

+ 

Tracing . 

+ 

+ 

Toilet . 

+ 

+ 

Photographic . 

+ 

+ 

*  Eaton  Dikeman  Co.,  Mt.  Holly  Springs,  Pa. 
**  Schleicher  and  Schiill,  New  York. 

***  Schleicher  and  Schiill,  Germany. 


The  procedure  of  forming  fluorescent  flecks  on  paper  makes  it  possible  to 
examine  papers  without  damage  to  the  specimen:  there  is  no  wear  or  tear 
which  is  visible  in  daylight.  It  is  also  possible  to  gain  a  clue  as  to  whether 
the  paper  contains  only  calcium  or  magnesium  (possibly  along  with  alumina). 
In  this  case,  the  fluorescent  fleck  is  exposed  to  acetic  acid  vapors  (hot  strong 
acetic  acid  is  sufficient).  This  treatment  destroys  calcium  and  magnesium 
oxmates,  and  only  the  fluorescence  due  to  aluminum  oxinate  persists.  Conse¬ 
quently,  if  the  fluorescence  is  quenched  completely,  or  if  it  is  distinctly 

weakened,  it  may  be  taken  as  a  strong  proof  of  the  presence  of  calcium  and/or 
magnesium.  1 


3.  Detection  of  Organic  Material  in  Dusts,  Soils,  etc.’ 

Ashes,  dust,  soils,  evaporation  residues  of  waters,  etc.  can  be  tested  for 

o~60mTntTh1^trntamir:antS,by  me“S  °f  the  Pro“dure  described 

300^400°  T”P  IS  heated  along  with  Potassium  iodate  to 

400  .  Potassium  iodate  remains  unaltered  at  this  temperature  but  in 
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mixtures  with  organic  materials  of  all  kinds,  whose  oxidation  yields  carbon 
dioxide,  water,  etc,,  it  is  reduced  to  potassium  iodide: 

>CH2  +  KI03  -*  C02  +  H20  +  KI 

The  latter  is  readily  detected  since  on  the  addition  of  acid  the  iodide  reacts 
with  the  unused  iodate: 

5  I-+  IO3-+  6  H+  ->  3  H20  +  3  I2 

and  the  resulting  free  iodine  can  then  easily  be  revealed  by  extraction  with 
chloroform  or  by  means  of  starch. 

When  using  this  test  it  should  be  remembered  that  if  oxidizable  inorganic 
materials  such  as  metal  dust,  iron11  oxide,  sulfides,  and  free  sulfur  are 
heated  with  potassium  iodate,  they  likewise  produce  iodide.  The  presence 
of  reducing  materials  can  be  established  by  spotting  a  little  of  the  sample 
with  a  solution  of  phosphomolybic  acid.  A  blue  color  appears  if  such  materials 
are  present.  Iron11  oxide  and  sulfides  can  be  oxidized  by  repeated  evapora¬ 
tions  with  hydrogen  peroxide.  The  same  is  true  of  sulfur,  provided  a  little  alkali 
is  also  introduced.  Metal  dust  and  sulfides  can  be  brought  into  solution  by 
warming  with  hydrogen  peroxide  and  dilute  sulfuric  acid.  It  is  advisable  to 
conduct  the  evaporation  with  hydrogen  peroxide  in  a  small  porcelain  cruci¬ 
ble;  the  residue  should  be  made  basic  and  the  evaporation  to  dryness 
repeated.  The  evaporation  residue  is  then  intimately  mixed  with  excess 
potassium  iodate  and  the  crucible  and  its  contents  heated  to  300—400°. 
After  cooling,  the  sintered  mass  is  taken  up  in  several  drops  of  water  and  a 
drop  of  dilute  sulfuric  acid  is  added.  Liberation  of  iodine  indicates  the  pres¬ 
ence  of  organic  material. 

Potassium  iodate  is  reduced  to  iodide  not  only  by  non-volatile  but  also  by 
volatile  organic  materials.  A  pertinent  example  is  the  reduction  by  acetone 
vapor.  It  appears  that  the  reduction  may  occur  when  potassium  iodate 
comes  in  contact,  at  elevated  temperatures,  with  solid,  liquid,  or  gaseous 
organic  substances. 


4.  Detection  of  Traces  of  Sulfur  in  Carbon  disulfide,  Ether,  other  Organic 

Solvents,  Motor  Fuels  8 

Very  small  amounts  of  sulfur  dissolved  in  carbon  disulfide  may  be  iden¬ 
tified  after  conversion  into  thiosulfate  (a)  or  sulfide  (b),  t  e  scnsl  ^ 
iodine-azide  reaction  as  described  Volum^.  PP-  280  294.  The  sulfur  may  be 
converted  into  thiosulfate  by  heating  the  res.duc  left  on  evaporation  of  t 
carbon  disulfide  with  an  alkaline  sodium  sulfite  sohition:  Na2S03  +  b 
Na2S,03  The  conversion  into  sulfide  may  be  effected  by  shaking  the  car 
disulfide  with  metallic  mercury;  mercury  sulfide  is  formed  immed.ately. 
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5  SULFIDE  SULFUR  IN  CHARCOAL  AND  DYES 

Procedures  (a)  and  (b)  may  also  be  applied  for  the  detection  of  traces  of 
sulfur  in  ether  or  other  organic  solvents.  A  further  important  application  is 
the  detection  of  corrosive  sulfur  in  motor  fuels.9 

Procedure  (a).  A  drop  of  the  sample  of  carbon  disulfide  is  allowed  to  evapo¬ 
rate  completely  on  a  watch  glass.  This  may  conveniently  be  heated  on  the  steam 
outlet  of  the  apparatus  described  on  page  29.  After  evaporation  *,  2  drops  of  an 
alkaline  solution  of  sodium  sulfite  are  placed  on  the  watch  glass.  The  reaction 
mixture  is  then  heated  2  or  3  minutes  on  the  steamer  and,  after  cooling,  a  few 
drops  of  iodine-azide  solution  are  added.  If  even  a  trace  of  sulfur  was  originally 
present,  the  thiosulfate  formed  causes  a  more  or  less  vigorous  evolution  of  nitrogen. 

Limit  of  Identification:  0.5  y  sulfur 

Dilution  Limit:  1  :  100,000 

Reagents:  1)  Alkaline  sulfite  solution,  5% 

2)  Iodine-azide  solution  (see  page  303) 

Even  smaller  amounts  of  sulfur  can  be  identified  by  (b),  if  a  larger  sample  of 
carbon  disulfide  is  taken  for  examination. 

Procedure  (b).  About  6  to  8  ml  carbon  disulfide  is  placed  in  a  hard  glass  test 
tube  or  a  measuring  cylinder.  A  drop  of  mercury  is  added,  and  shaken  vigorously. 
When  even  very  small  amounts  of  free  sulfur  are  present,  the  surface  of  mercury 
is  stained  with  a  black  or  iridescent  film  of  mercury  sulfide  10,  which  can  be  iden¬ 
tified  by  the  iodine-azide  reaction.**  The  carbon  disulfide  is  poured  off  and  the 
mercury  is  transferred  to  a  watch  glass  and  heated  in  a  current  of  steam  (see 
page  29)  to  remove  the  last  traces  of  carbon  disulfide.  The  mercury  is  then  cover¬ 
ed  with  iodine-azide  solution,  and  a  foam  of  nitrogen  bubbles  forms  around  the 
drop  of  mercury.  The  use  of  the  mercury  dropper  (page  32)  is  recommended. 


5.  Detection  of  Sulfide  Sulfur  in  Animal  Charcoal  and  in  Dyes  11 

The  test  for  sulfide  sulfur,  in  animal  charcoal  for  instance,  using  the 
iodine-azide  reaction  as  described  on  page  164,  may  be  carried  out  on  a 
few  milligrams  of  sample. 

The  so-called  sulfur  dyes,  which  are  prepared  by  melting  aromatic  amines 
or  hydroxy  compounds  with  sulfur  or  alkali  polysulfides,  contain  organically 
bound  sulfur.  Nearly  all  the  dyes  of  this  class,  which  are  blue  to  blue-black 
or  yellow  to  brown,  catalyze  the  iodine-azide  reaction,  i.e.  when  they  are 
placed  in  contact  with  this  reagent  the  iodine  is  consumed  and  gaseous  ni- 
rogen  appears.  This  result  is  due  to  the  presence  of  mercapto  groups  The 
const, tut.on  of  most  of  these  dyes  is  not  known,  however.  Uie  majority  of 

+tj ?  Tpiete,y  rem°ved-  *“ «.  «• 

azidodithiocarbonate.  Compare  page  302.  +  1  2’  ^  ^  the  intermediate  formation  of 

CS2,  has  been  recommendeV^TL^io^fne-azWe  deteCtion  of  sma11  amounts  of  sulfur  in 
HgS  too  small  to  be  detected  by  optical  means.  Ctlon  1S  Posltlve>  even  for  amounts  of 
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them  are  amorphous,  insoluble  products;  they  probably  are  mixtures  of 
various  components.110 

A  little  of  the  solid  sample,  which  may  be  dry  or  moistened  with  water,  or 
else  a  thread  or  piece  of  dyed  cotton,  is  treated  with  a  drop  of  iodine-azide 
solution  and  observed  for  bubbles  of  nitrogen.  Woollen  material,  which  is 
not  normally  dyed  with  sulfur  dyes,  cannot  be  tested  in  this  way,  since  wool 
itself  gives  a  positive  azide  reaction.  The  following  results  were  obtained  with 
a  number  of  sulfur  dyes : 

Primuline  yellow  * . no  reaction 

Catigen  brown  2  R  extra . vigorous  evolution  of  nitrogen 

Catigen  brilliant  green  G . evolution  of  nitrogen 

Catigen  yellow  GG  extra . very  vigorous  evolution  of  nitrogen 

Catigen  black  SW  extra . very  vigorous  evolution  of  nitrogen 

Catigen  indigo  CL  extra . very  vigorous  evolution  of  nitrogen 

Catigen  violet  3  R . very  vigorous  evolution  of  nitrogen 


6.  Detection  of  Free  Sulfur  in  Solid  Organic  Products  12 


When  thallous  sulfide,  which  is  readily  soluble  in  dilute  mineral  acids, 
comes  into  contact  with  elementary  sulfur  (dissolved  in  organic  liquids  or 
alkali  sulfide)  it  is  converted  into  thallous  polysulfide.  The  latter  is  rather 
resistant  to  dilute  mineral  acids  and  hydrogen  peroxide.  When  a  drop  of  a 
solution  of  sulfur  is  placed  on  paper  impregnated  with  thallous  sulfide,  poly* 
sulfide  is  formed  at  the  site  of  the  fleck,  and  on  treatment  of  the  paper 
with  acid,  a  dark,  brown  circle  or  ring  is  left,  while  the  rest  of  the  black 
reagent  paper  is  bleached  almost  instantaneously.  When  small  amounts  of 
sulfur  are  involved,  a  layer  of  thallium  polysulfide  is  produced  on  the 
surface  of  the  thallous  sulfide,  and  protects  the  underlying  T12S  against  being 
dissolved  by  the  acid.  (Compare120  regarding  this  protective  layer  effect.) 

The  rapid  production  of  the  polysulfide  on  thallous  sulfide  can  be  used  to 
reveal  the  presence  of  uncombined  sulfur  in  insecticides,  pharmaceutical 
materials  and  the  like.  A  preliminary  extraction  of  the  dry  sample  (finely 
powdered  if  possible)  with  carbon  disulfide  or  pyridine  is  necessary.  Often  i 
is  desirable  to  subject  the  sample  to  a  preliminary  treatment  with  hydro¬ 
chloric  acid  to  remove  acid-soluble  constituents.  The  residue  is  then  dned  at 
105°  C  for  several  hours.  Any  amorphous  sulfur  is  thus  converted  into  the 
crystalline  form,  which  is  soluble  in  carbon  disulfide.  The  extraction  can  be 
made  in  a  micro  apparatus.  One  drop  of  the  clear  extract  is  placed  on  black, 
freshly  prepared  thallous  sulfide  paper.  The  solvent  is  allowed  to  evaporate 


Primuline  yellow  (baseMs  Compounds,  t^oH^s^^^s^^therUkeT^bin^- 

^  S“ 
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and  the  paper  is  then  placed  in  dilute  nitric  acid.  If  sulfur  is  present,  a  brown 
red  or  light  brown  fleck,  depending  on  the  quantity,  is  left  at  the  site  of  the 
spotting.  The  rest  of  the  paper  turns  perfectly  white. 

Vulcanized  rubber  can  be  tested  for  uncombined  sulfur.  A  particle  of  the 
sample  is  kept  in  contact  with  carbon  disulfide  for  2  or  3  minutes.  A  drop 
of  the  liquid  is  transferred  to  thallous  sulfide  paper.  A  distinct  fleck  of 
polysulfide  remains  after  treatment  with  acid. 

The  following  procedure  will  reveal  free  sulfur  in  organic  materials,  gas 
purifying  masses,  etc.  Several  milligrams  of  the  dry,  finely  pulverized  sample  is 
placed  on  thallium  sulfide  paper  and  moistened  with  several  drops  of  carbon 
disulfide,  applied  at  short  intervals.  After  the  solvent  has  evaporated,  the 
dry  powrder  is  brushed  off  the  paper,  w'hich  is  then  placed  in  dilute  acid.  A 
dark  fleck  develops  if  free  or  extractable  sulfur  was  present. 

Sulfur  dissolved  in  organic  liquids  can  be  detected  by  placing  a  drop  of 
the  solution  on  thallium  sulfide  paper,  which  is  then  treated  with  acid.  This 
test  can  be  used  to  determine  the  completion  of  a  sulfur  extraction  with 
organic  liquids. 

Thallous  sulfide  paper  is  prepared  by  bathing  filter  paper  (S  &  S  589  or 
Whatman  42)  in  5%  thallous  carbonate  or  acetate  solution  for  several  mi¬ 
nutes.  The  excess  liquid  is  drained  off  and  the  paper  then  dried  in  a  blast  of 
heated  air.  Thallous  sulfide  is  deposited  by  placing  the  paper  across  a  beaker 
containing  ammonium  sulfide  solution  wrarmed  to  80°.  The  conversion  to 
112S  requires  not  more  than  several  minutes;  the  side  of  the  paper  exposed 
to  the  fumes  turns  perfectly  black.  It  is  ready  for  immediate  use  and  is  best 
cut  into  strips.  Freshly  prepared  paper  should  be  used  wben  testing  for 
sulfur.  On  standing,  the  paper  deteriorates  because  the  sulfide  is  oxidized. 


When  testing  for  sulfur,  it  should  be  noted  that  only  the  crystalline 
modifications  are  soluble  in  carbon  disulfide.  At  room  temperature,  pyridine 
dissolves  up  to  4%  of  amorphous  sulfur  also.  12b 

7.  Detection  of  Carbon  disulfide  in  Benzene  and  Carbon  tetrachloride  13 


CS2  +  2  S2C12  =  CC14  +  6  S 


may  be  detected  by  the  reaction 
on  of  sulfide  from  carbon  disulfide 
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and  alkali  in  the  presence  of  formaldehyde  (page  303).  The  sulfide  can  be  de¬ 
tected  by  the  precipitation  of  lead  sulfide  from  a  plumbite  solution. 

Procedure.  I  wo  or  three  drops  of  the  benzene  or  carbon  tetrachloride  is; 
mixed  on  a  spot  plate  with  1  or  2  drops  of  a  strongly  alkaline  plumbite  solution 
and  2  drops  of  40  %  formaldehyde  solution  (formalin) .  If  carbon  disulfide  is  present, 
a  dark  ring  of  lead  sulfide  is  formed  at  the  boundary  between  the  organic  solvent:' 
and  the  water  layer.  Any  hydrogen  sulfide  must  be  removed  before  carrying  out 
the  test.  This  removal  is  described  on  page  303. 

8.  Detection  of  Thiophen  and  Thiophen  Derivatives  in  Benzene 

and  Toluene 

Benzene  and  toluene  which  have  been  produced  by  the  distillation  of  coal 
always  contain  thiophen  and  thiophen  derivatives,  whose  quantity  varies 
up  to  0.5  per  cent.  These  contaminants  cannot  be  removed  by  fractional 
distillation  because  the  respective  boiling  points  lie  too  close  together.  The 
removal  of  thiophen  and  its  derivatives  requires  treatment  with  con¬ 
centrated  sulfuric  acid,  which  converts  them  into  sulfonic  acids,  which 
then  remain  dissolved  in  the  sulfuric  acid. 

Benzene  or  toluene  can  be  tested  for  thiophen  (or  thiophen  derivatives 
with  an  unoccupied  position  ortho  to  the  cyclic  bound  sulfur  atom)  by  means 
of  the  color  reaction  with  1,2-diketones  (see  page  313).  One  or  two  drops  of 
the  benzene  or  toluene  is  enough  for  the  test.  It  is  best  to  run  a  comparison 
test  with  benzene  or  toluene  known  to  be  free  of  thiophen  and  thiophen 
derivatives.  Such  standards  can  be  prepared  by  shaking  benzene  or  toluene 
with  a  1  percent  solution  of  ninhydrin  in  concentrated  sulfuric  acid.  The  acid 
layer  is  poured  off;  the  hydrocarbon  is  washed  with  water,  and  distilled. 

9.  Detection  of  Hydrogen  cyanide  in  Illuminating  Gas  11 

Illuminating  gas  often  contains  hydrogen  cyanide  in  slight  amounts  even 
though  it  is  common  practice  to  pass  such  gas  through  water  to  hold  back 
ammonia,  pyridine  bases,  hydrogen  cyanide,  dicyanogen,  etc.  I  he  test  for 
alkali  cyanide,  described  in  Volume  I,  p.  261,  can  be  used  to  reveal  traces  of 
hydrogen  cyanide  in  illuminating  gas.  The  test  is  based  on  the  demasking  of 
dimethylglyoxime  from  alkaline  solutions  of  palladium  dimethylglyoxime. 
The  dimethylglyoxime  set  free  by  the  CN~  ions  through  the  production  of 
insoluble  Pd(CN)2,  is  then  revealed  by  the  formation  of  red  nickel  dimethyl¬ 
glyoxime. 

Procedure.  Filter  paper  is  impregnated  with  an  alkaline  solution  of  pallad¬ 
ium  dimethylglyoxime,  or  a  drop  of  this  solution  is  placed  on  filter  paper.  The 
moist  reagent  paper  or  the  fleck  is  held  for  several  seconds  or  minutes  (according 
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to  the  suspected  cyanide  content)  about  a  millimeter  from  the  end  of  a  rubber 
tube  (diameter  0.5  mm)  connected  with  the  gas  supply.  The  part  of  the  paper 
which  has  been  exposed  to  the  stream  of  gas  is  then  spotted  with  a  solution  of 
nickel  chloride.  A  pink  to  red  stain  of  nickel  dimethylglyoxime  appears  at  once, 
the  depth  of  the  color  varying  with  the  cyanide  content  of  the  gas. 

Reagents:  1)  Alkali  palladium  dimethylglyoxime  solution :  Purest  palladium 
dimethylglyoxime  (prepared  by  precipitation  of  an  acid  solution 
of  PdCl2  with  dimethylglyoxime  and  thorough  washing)  is 
shaken  with  3  N  potassium  hydroxide,  and  the  undissolved 
material  filtered  off. 

2)  Nickel  ammonium  chloride  solution:  0.5  N  NiCl2  saturated  with 
ammonium  chloride 


10.  Detection  of  Higher  Fatty  Acids  in  Paraffin  Wax  and  Vaseline  15 


Hard  and  soft  paraffin  waxes  and  vaseline  are  natural  or  prepared  mixtures 
of  saturated  hydrocarbons.  Paraffin  consists  wholely  of  solid  hydrocarbons, 
whereas  the  oily  consistency  of  vaseline  is  due  to  its  content  of  hydrocarbons 
which  are  liquid  at  ordinary  temperatures.  Pure  paraffin  wax  and  vaseline 
ought  not  to  contain  any  admixed  higher  low-melting  fatty  acids.  A  content 
of  fatty  acids  may  also  come  from  saponified  oils  and  fats. 

Such  fatty  acids  can  be  detected  by  the  test  for  water-insoluble  carboxylic 
acids  described  on  page  96.  In  this  procedure,  the  acids  are  converted 
to  the  corresponding  ammonium  salts  by  solution  in  aqueous  ammonia,  and 
a  drop  of  the  solution  is  taken  to  dryness.  The  evaporation  residue  is  then 
heated  to  120°  for  about  three  minutes.  At  this  temperature,  the  ammonium 
salts  lose  considerable  ammonia,  and  the  residual  carboxylic  acids  will  release 
iodine  when  warmed  with  iodide-iodate  solution. 


Procedure.  About  0.5  g  of  the  wax  or  vaseline  is  dissolved  in  2  ml  of 
toluene  and  the  solution  is  shaken  in  a  small  separatory  funnel  with  one  ml 
of  concentrated  ammonia.  One  drop  of  the  water  layer,  which  perhaps  may  be 
turbid  because  of  emulsified  toluene  solution,  is  transferred  to  a  micro  test  tube 
and  evaporated  to  dryness.  The  residue  is  treated  in  succession  with  single  drops 
of  alcohol  2  %  potassium  iodide  solution,  and  0.4  %  potassium  iodate  solution 
he  test  tube  is  then  closed  and  placed  in  boiling  water  for  a  minute  or  two 
After  cooling,  one  drop  of  0.1  %  starch  solution  is  added.  If  a  blue  color 
appears,  the  sample  contains  higher  fatty  acids. 

This  procedure  definitely  revealed  0.2  %  of  stearic  acid  in  vaseline  Smaller 
proportions  of  fatty  acid  can  be  detected  by  conducting  the  test  on  the  evapora¬ 
tion  residue  from  several  drops  of  the  ammoniacal  solution.  P 


11. 


Distinction  between  Acid  and  Basic  Dyes  i« 

Dyes  which  are  predominantly  basic  are  soluble  in  melted  stearic  acid 
W  .  e  predominantly  ac.d  dyes  are  soluble  in  melted  urea.  These  propertied 
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are  connected  with  the  electropolar  nature  of  the  substances  (salt  or  solvate 
formation).  This  behavior  may  be  applied  as  a  quick  and  simple  means  of 
differentiating  these  two  classes  of  dyes. 

Probably,  basic  dyes  form  salts  with  stearic  acid  and  these  products  are 
readily  soluble  in  molten  stearic  acid.  When  urea  is  melted,  it  forms  biuret 
(see  page  298)  and  ammonia  is  given  off.  Consequently,  there  is  a  possibility 
that  ammonium  salts  are  formed  in  the  case  of  acid  dyes,  and  the  salts  then 
dissolve  in  molten  urea  or  the  biuret-urea  mixture  (see  test  for  citric  acid 
page  263).* 

Procedure.  Urea  and  stearic  acid  are  melted  in  a  test  tube,  a  grain  of  the 
dye  is  added,  and  the  mixture  well  shaken.  When  the  two  layers  separate,  one 
will  be  colored.  If  the  under  layer  (urea)  is  colored,  an  acid  dye  is  present;  if 
the  upper  layer  (stearic  acid)  is  colored,  a  basic  dye  is  present. 

An  excess  of  dye  should  be  avoided;  otherwise  both  layers  are  sometimes 
colored. 


12.  Detection  and  Differentiation  of  Rhodamine  Dyes16a 

Rhodamine  dyes  can  be  prepared  from  either  fluorescein  chloride  or  from 
o-dicarboxylic  acid  anhydrides.  In  the  former  case,  the  condensation  is 
with  primary  or  secondary  aliphatic  or  aromatic  amines  (compare  page  191) ; 
in  the  latter  case,  the  condensation  is  with  w-aminophenol.166  In  accord 
with  these  methods  of  production,  the  following  quinoidal  structural  scheme 
is  characteristic  for  rhodamine  dyestuffs: 


* 


X  =  COOH;  COOR;  SO,H 
Y  =  H;  CH3;  C8H5;  etc. 


Because  of  their  =  N<^  group  (as  well  as  the— y  group)  all  rhodanunes 

exhibit  a  decided  basic  character.  If  the  molecule  contains  S03ir  or  COOH 
groups,  their  acidic  character  becomes  evident  and  the  presence  of  zwitter 


*  Ammonium  salts  of  inorganic  and  organic  salts,  and  likewise  free  organic  carboxylic  and 
sulfonic  acids  are  easily  soluble  in  molten  urea.  Furthermore,  many  primary,  secondary  a 
tertiary  aromatic  amines  as  well  as  their  salts  (and  also  benzidine  sulfate)  are  soluble  in  fus 

urea.  F.  Feigl,  unpublished  studies. 
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ions  can  be  expected  in  the  dyestuff  solutions,  dhe  neutral,  weakly  acid,  or 
weakly  basic  aqueous  solutions  of  rhodamines  are  various  shades  of  red  and 
in  ultraviolet  light  they  exhibit  an  intense  red  or  orange  fluorescence. 

Chapter  3  of  Volume  I  contains  the  description  of  sensitive  tests  for  anti- 
monyv,  gold,  and  thallium111  and  also  for  antimony111  by  means  of  the  dye 
rhodamine  B  (I).  These  tests  are  based  on  the  fact  that  this  dye  gives  violet 
crystalline  precipitates  in  halogen  acid  solutions  of  the  complex  acids 
H[SbCle],  H[AuBr4],  H[TlBr4]  and  H[SbI4].  These  precipitates  are  the  rho¬ 
damine  B  salts  of  the  respective  complex  acids.  The  thallium111  compound 
dissolves  in  benzene  and  the  resulting  red  solution  fluoresces  intensely  orange 
red  in  ultraviolet  light.  In  accord  with  the  rule  that  the  analytical  utility  of 

organic  compounds  invariably  is  related  to  the  presence  of  certain  groups,16® 

+  y 

all  rhodamines  react  analogously  to  rhodamine  B  because  of  the  =  N:  group 

contained  in  their  molecules.  Differences  are  encountered  only  with  respect 
to  the  extractability  of  the  thallium111  compounds  with  benzene,  in  that  the 
acidic  and  strongly  hydrophilic  groups  in  the  dyestuff  molecules  impair  the 
solubility  in  benzene  of  the  thallium  compounds  of  the  various  dyestuffs. 
Accordingly,  the  formation  of  fluorescing  thallium  compounds  can  be  used 
to  detect  rhodamine  dyestuffs.  Up  to  the  present,  this  test  has  been  applied 
to  the  following  rhodamine  dyes  whose  constitution  is  known. 16d 
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1  he  following  rhodamine  dyestuffs,  whose  structure  is  not  given  in  the 
Schultz  tables  (loc.  cit.)  were  likewise  tested:  rhodamine  3R,  rhodamine  6 
GH,  and  acid  rhodamine  R.  The  findings  are  included  in  the  compilation 
given  below. 


Procedure.  One  drop  of  the  aqueous  test  solution  is  placed  in  a  micro  test 
tube  and  mixed  with  a  drop  of  hydrochloric  acid  and  a  drop  of  a  solution  of 
thallic  bromide.  The  mixture  is  shaken  with  5 — 8  drops  of  benzene.  The  presence 
of  rhodamine  dyes  is  indicated  by  the  production  of  a  red  benzene  layer,  which 
fluoresces  orange  in  ultraviolet  light. 

Reagents:  1)  Hydrochloric  acid  1  :  1 

2)  Thallic  bromide  solution:  2%  solution  of  T12S04  is  treated  with 
bromine  water  until  a  distinct  yellow  is  obtained.  The  excess 
bromine  is  removed  by  adding  10%  solution  of  sulfosalicylic 
acid.  The  colorless  mixture  keeps  for  several  days. 

3)  Benzene 

The  behavior  of  rhodamine  dyestuffs  and  the  attainable  identification 
limits  can  be  seen  in  the  following  compilation;  they  all  yield  violet  precipi- 


tates: 

Rhodamine  B  (I) 

0.5  y 

soluble  in  benzene 

orange 

fluorescence 

Rhodamine  G  (II) 

0.25  „ 

9  9  9  9  m 

9  9 

9  9 

Rhodamine  3B  (III) 

0.25  „ 

99  99  99 

9  9 

9  9 

Rhodamine  6  G  (IV) 

0.25  „ 

99  99  99 

9  9 

9  9 

Rhodamine  S  (V) 
Sulfarhodamine  B  (VI) 
Rhodamine  6GH 

0.5  „ 

insoluble  in  benzene 

99  99  99 

soluble  in  benzene 

orange 

fluorescence 

Acid  rhodamine  R 

5  „ 

99  99  99 

9  9 

9  9 

Rhodamine  3  R 

0.25  „ 

99  99  99 

9  9 

9  9 

It  should  be  emphasized  in  addition  that  the  production  of  red  benzene 
solutions  still  is  visible  at  dilutions  at  which  the  formation  of  violet  precipi¬ 
tates  can  no  longer  be  seen. 

The  formation  of  fluorescent  thallic-rhodamine  compounds  can  also  be 
used  to  detect  rhodamine  dyes  directly  in  dyed  fabrics.  In  this  case,  several 
threads  of  the  sample  are  digested  in  a  microcrucible  with  a  drop  or  two  of 
hydrochloric  acid  and  several  drops  of  the  thallic  bromide  solution.  Extraction 
with  benzene  then  follows.  A  red  benzene  solution,  which  fluoresces  orange 
in  ultraviolet  light,  is  proof  that  rhodamine  dyes  were  used  to  color  the 

fabric. 

13.  Detection  of  Antimony  and  Tin  Mordants  in  Fabrics 

In  addition  to  the  salts  of  aluminum,  iron,  chromium,  and  tin,  which 
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hydrolyse  extensively  in  aqueous  solution,  the  mordants  used  to  fix  acid 
dyes  (principally  such  as  contain  OH  and  COOH  groups)  include  also  the 
following  antimony  salts:  antimony  (III)  fluoride,  potassium  antimony  (III) 
oxalate,  and  potassium  antimonyl  tartrate.  The  acid  dyes  are  fixed  on  the 
hydrolysis  products  of  these  metal  salts,  which,  in  a  highly  dispersed  state, 
adhere  to  the  fibres  and  form  insoluble  adsorption  compounds  with  the 
dyestuffs.  An  important  role  is  played  here  by  the  chelate  binding  of  the 
dyes  with  metal  atoms  (the  so-called  color  lakes) 16e.  Tervalent  antimony 
compounds,  particularly  tartar  emetic,  also  serve  in  combination  with 
tannin  as  mordants  for  basic  dyes.  When  the  fibres  are  treated  with  potas¬ 
sium  antimonyl  tartrate  (or  other  antimony  salts)  and  tannin,  adsorption 
compounds  of  the  latter  with  antimony  or  antimony  hydroxide  are  formed. 
As  a  polymeric  glycoside  derivative  of  gallic  acid,  tannin  contains  a  number 
of  acidic  groups.  Some  of  these  are  bound  with  antimony  in  the  fixation  pro¬ 
cess,  whereas  others  are  free  to  bind  basic  dyes,  e.g.  those  of  the  triphenyl- 
methane  series.  This  means  that  the  acidic  antimony-tannin  adsorption 
compound  functions  as  adsorbent  for  basic  dyes.  Sometimes  antimony  com¬ 
pounds  are  used  for  special  types  of  leather  tanning. 

A  reliable  test  for  antimony  in  textiles  (leather)  is  based  on  the  fact  that 
soluble  as  well  as  insoluble  compounds  of  tervalent  and  quinquevalent  anti¬ 
mony  are  easily  transformed  into  the  water  -  soluble  complex  acid  H[SbI4] 
or  its  ions.  When  the  amphoteric  dyestuff  rhodamine  B,  which  is  soluble  at 
all  pH  ranges,  is  introduced  into  solutions  of  this  acid,  a  red-violet  precipitate 
of  the  rhodamine  salt  of  the  complex  acid  is  formed.  Structures  (I)  and  (II) 
can  be  applied  to  this  salt. 


Although  the  solut.cn  of  the  dye  is  red,  the  formation  of  the  red-violet 
antimony  compound,  which  comes  out  as  a  fine  crystalline  precipitate  is 
readily  seen,  even  when  only  slight  amounts  of  antimony  are  present  The 
identification  limit  of  the  test  is  0.6  y  antimony.  P 


Procedure.16/  Several  mm2  of  the  fabric  being  tested  is  ashed  In  a  • 

"dTm  seuSccUe'  WhiCh,lh°Uld  b£  “  “  possible^rom  utbl'YcaX.0 

cession,  with  single  drops  of  potassium  iodide  solution,  hydro- 
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chloric  acid,  sulfurous  acid  (to  remove  the  iodine)  and  dyestuff  solution.  A  violet 
precipitate  indicates  the  presence  of  antimony. 

Reagents:  1)  Potassium  iodide,  5%  aqueous  solution 

2)  Hydrochloric  acid 

3)  Sulfurous  acid 

4)  Rhodamine  B,  0.5%  aqueous  solution 

When  fabrics  are  to  be  tested  for  tin  mordants,  several  mm2  of  the  cloth 
is  ashed;  Sn02  is  left.  The  residue  is  warmed  with  concentrated  sulfuric  acid, 
then  an  equal  volume  of  water  is  added,  and  after  introducing  several  crys¬ 
tals  of  potassium  iodide,  the  mixture  is  extracted  with  a  benzene  solution  of 
iodine.  The  violet  benzene  solution,  which  contains  Snl4,  is  spotted  on  filter 
paper  and  is  held  over  ammonia  in  order  to  produce  Sn(OH)4.  The  brown 
fleck  is  spotted  with  a  drop  of  5%  sodium  sulfite  solution  to  remove  the  free 
iodine.  Then  the  fleck  is  spotted  with  a  drop  of  0.05%  solution  of  morin.  The 
paper  is  bathed  in  dilute  hydrochloric  acid  (1  :  10)  and  viewed  in  ultraviolet 
light.  If  tin  is  present,  the  fleck  exhibits  an  intense  blue-green  fluorescence.  16s 
The  latter  is  due  to  an  acid-resistant  fluorescing  adsorption  compound  of 
Sn(OH)4  with  morin.  Chapters  3  and  7  of  Volume  I  should  be  consulted 
regarding  the  chemistry  of  this  test,  whose  identification  limit  is  0.05  y  tin. 

Stannic  chloride  is  used  to  weight  silk.  The  procedure  just  given  can  be 
applied  for  the  detection  of  small  amounts  of  tin  in  silk. 

14.  Detection  of  Lead  tetraethyl  or  Lead  tetraphenyl  in  Motor  Fuels  17 

Certain  organometallic  compounds  (alkyl,  aryl,  carbonyl  and  acetylide 
metallic  compounds)  are  added  to  mineral  oils,  since  even  small  amounts 
have  a  decided  effect  on  certain  undesirable  reactions.  They  usually  decrease 
the  velocity  of  the  reaction.  These  substances  are  used  chiefly  as  antiknock 
agents  in  motor  fuels  and  as  antioxidants  in  hydrocarbons.  Since  lead  tetra¬ 
ethyl  (phenyl),  which  is  most  frequently  used,  is  very  volatile  and  is  also 
extremely  toxic,  a  reliable  test  for  this  compound  has  important  practical 
significance.  The  following  procedure  is  easily  applied  to  gasoline  and  other 
motor  fuels. 

Procedure.  One  or  two  drops  of  the  gasoline  is  placed  on  filter  paper  and  held 
in  ultraviolet  light  for  about  30  seconds  until  evaporation  is  complete.  *  A  drop 
of  a  freshly  prepared  green  0. 1  %  solution  of  dithizone  in  chloroform  is  then 
placed  on  the  paper.  If  Pb(C2H6)4  or  Pb(C„H6)4  is  present,  a  deep  red  stain  (of 
lead  dithizone)  results;  in  the  absence  of  lead  salts,  the  paper  remains  green. 
When  the  gasoline  is  highly  colored,  it  should  be  decolorized  beforehand  by 
shaking  with  activated  charcoal. 

*  It  has  been  stated18  that  this  treatment  results  in  the  decomposition  of  organo-lead 
compounds,  with  deposition  of  acid-soluble  flocks. 
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Oils  usually  have  a  deep  self  color.  To  test  them  for  lead  salts,  100  to 
150  ml  oil  is  mixed  with  3  %  benzene  and  steam-distilled.  The  lead  test  is 
carried  out  on  the  distillate.  Alternatively,  a  drop  of  a  gasoline  containing 
Pb(C2H5)4  is  shaken  with  a  1  %  aqueous  solution  of  potassium  cyanide  and 
exposed  to  ultraviolet  light  for  a  few  seconds.  A  drop  of  dithizone  solution 
is  then  placed  on  the  liquid  surface.19 

Traces  of  nickel  carbonyl  in  benzene  solutions,  used  as  anti-knock  agent, 
may  be  detected  by  an  analogous  method  using  ammonia  water  and  dimethyl- 
glyoxime  or  rubeanic  acid  as  reagents  for  nickel.  Compare  Volume  I,  Chapter  3. 

15.  Differentiation  of  Animal  and  Vegetable  Fibers 

Vegetable  fibers  are  free  from  sulfur,  but  fibers  derived  from  animal 
sources  contain  sulfur  compounds  in  the  cysteine  components  of  the  protein. 
These  compounds  possess  an  SH  group,  which  can  accelerate  the  iodine- 
azide  reaction.  Hence,  wool  and  cotton  may  be  differentiated  by  applying 
the  iodine-azide  test,  as  described  on  page  164. 

Cotton  is  nearly  pure  cellulose.  It  can  be  detected  by  the  furfural  test 
described  on  page  355. 

Procedure.20  The  fiber,  or  small  piece  of  woven  material,  is  moistened  with  a 
drop  of  water  or  acetone  on  a  watch  glass,  and  treated  with  1  or  2  drops  of  the 
iodine-azide  solution  (for  preparation,  see  page  165).  After  a  short  while,  the 
wool  fiber  is  covered  with  little  bubbles,  while  the  cotton  fiber  shows  none.  Cot¬ 
ton  fibers  turn  dark  violet  owing  to  the  adsorption  of  iodine,  but  the  color  of  the 
bubbling  wool  fiber  remains  unchanged.  Bleached  or  unbleached  cotton  may  be 
used  in  the  test;  both  are  colored  violet  in  the  test,  with  no  bubble  formation. 
Half-wool  mixtures  give  a  positive  response. 


Another  method  of  examining  textiles  for  wool  is  based  on  the  fact  that 
when  animal  libers  are  thermally  decomposed,  the  proteins  they  contain 
yield  pyrrole  and  pyrrole  derivatives.  The  latter  can  be  sensitively  detected 
in  the  gas  phase,  since  on  contact  with  a  hvdrochloric  acid  snl«ti«T» 


a  LO  react  with  the  reagent.  If  animal 
appear  on  the  reagent  paper. 
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Fabrics,  which  contain  nylon,  i.e.  a  plastic  made  up  of  a  superpolymeric 
amide  of  protein-like  structure,20*  behave  like  animal  fibers  when  sub¬ 
jected  to  this  test,  since  the  pyrolysis  of  nylon  obviously  produces  pyrrole 
or  pyrrole  derivatives  which  likewise  react  with  ^-dimethylaminobenzalde- 
hyde.  On  the  other  hand,  nylon  does  not  accelerate  the  iodine-azide  reac¬ 
tion.  Consequently,  the  latter  test  can  serve  to  differentiate  between  nylon 
and  animal  fibers. 


16.  Test  for  Esters  in  Mixtures  of  Hydrocarbons  21 


Fats  and  fatty  oils,  which  are  esters  of  glycerol  may  be  identified  by  the 
glycerol  reaction  described  on  page  283  (identification  of  acrolein).  Esters  of 
other  alcohols,  such  as  waxes  and  resins,  which  give  no  glycerol  reaction,  may 
be  detected  by  the  test  for  esters  described  on  page  170  (conversion  to  hy- 
droxamic  acids  followed  by  the  formation  of  the  violet  inner  complex  ferric 
salts).  The  presence  of  waxes  and  resins  in  mineral  oils  may  be  determined 
by  means  of  this  reaction. 

The  hydroxamic  acid  reaction  gives  the  following  colors  with  the  waxes 
and  resins: 


Beeswax  .  .  . 

Carnauba  wax 
Candelilal  wax 
Montan  wax  . 


violet-brown 

dark  brown-violet 
lilac 

green-yellow 


’’Soromin”  (syn¬ 
thetic  ester)  . 
Balsam  Tolu .  . 
Colophony  .  . 
Congo  copal .  . 


violet 

brown-green 

brown-green 

brown 


17.  Detection  of  the  Contamination  of  Fabrics  by  Mammalian  Urine  22 

Urea  may  be  rapidly  and  sensitively  detected  by  the  evolution  of  ammonia 
in  the  presence  of  urease  (page  300).  The  ammonia  can  be  detected  by  the 
sensitive  test  with  manganese  nitrate  and  silver  nitrate  described  on 
page  72. 

Procedure.  The  fabric  suspected  of  being  contaminated  with  urine  is  viewed 
under  ultraviolet  light  and  the  stain  is  outlined  with  a  pencil.  If  the  stain  is 
visible  under  ordinary  illumination,  this  step  is  not  necessary.  Apply  2-4  drops 
of  urease  solution  to  the  stained  area  and  allow  the  enzyme  solution  to  soak  in 
for  5-10  seconds.  The  cloth  is  then  placed  on  a  heated  steam  bath  and  covered  at 
once  with  a  piece  of  the  reagent  paper  so  that  the  paper  is  wetted  by  the  damp 
area  of  the  cloth.  A  firm  contact  should  be  maintained  by  pressing  a  piece  of  glass 
stirring  rod  across  the  stained  area.  If  the  stain  was  due  to  urine,  a  black  spot 
appears  on  the  filter  paper  in  about  30  seconds. 
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Reagents:  1 )  Urease  solution:  A  10  %  slurry  of  jack  bean  meal  in  water  is 
allowed  to  settle  for  a  few  minutes;  the  supernatant  liquid  is 
used  as  urease  solution.  (The  slurry  may  be  stored  as  long  as  a 
week  in  a  refrigerator  without  apparent  loss  of  activity.) 

2)  Manganese-silver  reagent  paper:  Coarse  filter  paper  is  soaked 
in  the  neutralized  Mn(N03)2-AgN03  solution  (page  73)  and 
quickly  dried  on  a  steam  bath  heated  to  about  100°.  (Freshly 
impregnated  paper  is  preferable.) 

18.  Detection  of  Oxalic  acid  in  Leather  23 

Oxalic  acid  is  very  often  used  for  bleaching  vegetable-tanned  leathers. 
It  is  therefore  sometimes  important  to  be  able  to  detect  oxalic  acid  in  finished 
leather  products.  The  test  by  the  formation  of  aniline  blue,  as  described  on 
page  257,  is  suitable  for  this  purpose.  It  can  be  carried  out  directly  on  a 
small  piece  of  leather,  or  on  the  sole  of  a  finished  shoe,  for  instance.  The 
intensity  of  the  color  reaction  indicates  whether  traces  or  appreciable 
amounts  of  oxalic  acid  are  present. 

Procedure.  A  little  diphenylamine  (about  0.02  g)  is  placed  on  the  leather  and 
pressed  down  with  a  thick  glass  rod.  The  reagent  is  melted  by  heating  from  above 
with  a  very  small  flame  and  carefully  kept  in  fusion  for  about  a  minute.  Then, 
2  or  3  drops  alcohol  are  gently  dropped  on,  and  the  piece  of  leather  is  exposed  to 
as  much  light  as  possible.  The  appearance  of  a  blue  color  indicates  oxalic  acid. 
When  oxalic  acid  and  diphenylamine  are  melted  together  in  a  crucible,  the  blue 
color  appears  immediately  on  the  addition  of  alcohol,  but  in  the  test  on  the 
leather  the  color  develops  only  after  some  time.  When  considerable  oxalic  acid  is 
present,  the  blue  forms  after  about  1  to  2  hours,  but  for  very  small  amounts, 
10  hours  standing  is  necessary.  The  development  of  the  blue  is  accelerated  by 
light;  samples  kept  in  the  dark  remain  unchanged  for  days. 


19*  Tests  for  Added  Materials  and  Undesirable  Admixtures  in  Organic 

Substances 

It  is  often  important  to  be  able  to  detect  certain  impurities  which  may 
have  been  added  to  organic  products  and  also  to  detect  undesirable  by¬ 
products  that  have  not  been  removed.  This  branch  of  testing  is  especially 
necessary  in  the  examination  of  foods,  drugs  and  cosmetics,  when  a  harmful 
impurity  or  unscrupulous  adulteration  must  be  detected  quickly.  If  the 
impurity  or  adulteration  is  inorganic,  the  numerous  tests  described  in  Volume  I 
are  available.  These  tests  should  usually  be  carried  out  on  the  ash  or  acid 
extract  of  the  sample.  In  testing  for  organic  substances,  many  of  the  tests 

di"  hnere  Pter  V  ^  A  --ples  S 
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(а)  Detection  of  formic  acid 

Formic  acid  should  not  be  present  in  wood  vinegar  since  it  is  injurious  to 
health.  This  acid  (which  has  a  definite  antiseptic  action)  is  also  an  inad- 
missable  fermentation  product  in  fruit  juices,  jams,  marmalade,  honey,  etc. 
If  permitted  at  all,  the  quantity  should  be  slight.  Formic  acid  may  be 
detected  as  described  on  page  245  [conversion  to  formaldehyde  and  detec¬ 
tion  of  the  latter  by  the  color  reaction  with  chromotropic  acid].  If  the 
products  are  colored  or  have  had  color  added  to  them,  they  should  be 
decolorized  (if  necessary  after  solution)  before  carrying  out  the  test.  Animal 
charcoal  can  be  used  to  remove  the  color. 

(б)  Detection  of  glycerol 

The  nitroprusside  test  for  glycerol  described  on  page  283  has  many  appli¬ 
cations.  It  depends  on  a  color  reaction  between  sodium  nitroprusside  and 
acrolein,  which  is  readily  formed  by  the  removal  of  a  molecule  of  water  from 
glycerol.  Since  the  latter,  in  the  form  of  a  glycerol  ester  of  various  organic 
acids,  is  a  constituent  of  all  plant  and  animal  fats,  it  is  possible  to  test  bees¬ 
wax  or  lanolin  ( adeps  lanae  anhydr.)  for  instance,  for  any  admixture  of  plant 
or  animal  fats,  which  should  not  remain  in  a  first-rate  product.  The  glycerol 
reaction  may  be  used  successfully  to  detect  fats  in  cloudy  or  dark  products. 
The  rapid  detection  of  glycerol  is  often  useful  in  testing  cosmetics,  and  in 
testing  wines  and  liquors,  which  often  contain  glycerol  as  an  illegal  sweeten¬ 
ing  agent. 

(c)  Detection  of  citric  and  malic  acids 

The  detection  of  citric  and  malic  acids  is  important  in  testing  fruit  vinegar, 
as  this  commodity  should  always  contain  these  acids.  Since  both  citric  and 
malic  acids  are  hydroxy-carboxylic  acids,  with  the  carboxyl  groups  in  the 
1,2-positions,  the  reaction  for  this  group,  as  described  on  page  175,  may  be 
applied  as  a  simple  and  rapid  means  of  testing  “fruit  vinegar.’’ 

The  fusion  reaction  with  urea  (page  263)  which  involves  the  formation  of 
the  fluorescent  ammonium  salt  of  citrazinic  acid,  can  also  be  used  to  detect 
citric  acid  and  citrates  in  vinegars.  See  also  page  350. 


(d)  Detection  of  pyridine 

A  test  for  pyridine  is  useful  as  a  rapid  means  of  identifying  denatured 
alcohol  where  it  is  often  present  as  the  denaturing  agent.  The  test  for 
tertiary  ring  bases  (see  page  224)  and  also  the  test  for  pyridine  (page  295) 
may  be  applied  for  the  rapid  detection  of  slight  amounts  of  pyridine  in  a 

small  sample. 
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(e)  Detection  of  saccharin 

Saccharin'  is  often  used  as  a  substitute  for  sugar  since  it  is  500  times  as 
sweet.  It  may  be  used  illegally  in  wine,  spirits,  fruit  juices,  jams  and  honey, 
and  so  its  detection  is  very  important  in  food  analysis. 

Saccharin  is  the  imide  of  o-sulfobenzoic  acid 


and  behaves  as  an  imide  in  the  rhodamine  reactions  described  on  page  191. 
It  also  reacts  analogously  to  the  anhydrides  or  imides  of  acids  with  carboxyl 
groups  in  the  1,2-position,  and  condenses  with  resorcinol  (see  page  175). 
Two  fluorescent  compounds  are  formed.  A  little  of  the  sample  is  heated 
to  130°  with  sublimed  resorcinol  and  concentrated  sulfuric  acid.  The  reaction 
product  is  taken  up  in  water  and  made  alkaline.  A  deep  yellow-green 
fluorescence  results;  it  is  visible  even  in  daylight.  Another  portion  of  the 
sample  is  fused  with  fluorescein  chloride  and  zinc  chloride,  and  the  melt 
is  taken  into  solution.  Viewed  in  the  light  of  a  quartz  lamp,  it  shows  a  bright 
yellow  fluorescence  when  acid,  and  a  dark  yellow  fluorescence  when  alkaline. 
A  beautiful  rose-violet  fluorescence  appears  as  the  neutral  point  is  traversed 
and  flocculation  occurs  at  the  same  time. 

Another  test  for  saccharin  is  based  on  its  saponification  when  it  is  evapo¬ 
rated  with  hydrochloric  acid.  The  products  are  ammonium  chloride  and 
o-sulfobenzoic  acid: 


/S02\ 

C6H4  NH  +  HC1  +  2  H„0 

\  CO/ 


C6H4 


•so3h 

'\COOH 


+  NH4CI 


If  the  evaporation  residue  is  heated  to  120’  in  order  to  remove  the  excess 
ydrochloric  acid  and  then  again  taken  to  dryness  with  a  few  drops  of 
ammonia  and  the  residue  heated  to  200°,  the  ammonium  salt  of  the  sulfo- 

ofT"0  “  be  'eft  aIong  Wlth  the  ammonium  chloride.  The  production 
of  these  two  ammonium  salts  and  hence  the  presence  of  saccharin  can  be 
easily  established  by  the  Nessler  test  (Identification  Limit  5  y  saccharin)  ** 

estab  i  hedTvT  t  °f,™m  -Its;  their  absence  should  be 

established  by  a  preliminary  trial  with  Nessler  reagent 

If  caramehzation  occurs,  it  is  advisable  to  run  a  comparison  test 
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20.  Detection  of  Mineral  Acids  and  Organic  Hydroxy  Acids  in  Vinegar  25 

1  ruit  \  incgar,  which  is  prepared  by  oxidation  of  dilute  alcoholic  liquors 
with  the  aid  of  schizomycetes,  contains  3-15  %  of  acetic  acid  along 
with  small  amounts  of  tartaric,  citric,  formic,  and  oxalic  acid.  It  contains 
no  mineral  acids.  On  the  other  hand,  synthetic  dilute  acetic  acid  is  frequently 
contaminated  with  mineral  acids,  such  as  hydrochloric,  sulfuric,  phosphoric. 
Consequently,  the  test  for  the  presence  or  absence  of  mineral  acids  can  be 
based  on  the  fact  that  after  the  sample  has  been  treated  with  ammonia  and 
evaporated  to  dryness,  the  residue  will  consist  of  ammonium  acetate 
(tartrate,  etc.)  plus  the  ammonium  salts  of  the  mineral  acids.  Only  the  latter 
salts  can  withstand  heating  to  250°.  Ammonium  acetate  is  completely 
decomposed  into  acetic  acid  and  ammonia  even  at  120°,  and  the  ammonium 
salts  of  the  other  organic  acids  contained  in  fruit  vinegar  are  decomposed 
by  heating  to  250°  for  ten  minutes.  The  ammonium  salts  of  mineral  acids 
are  easily  detected  by  the  Nessler  test.  The  detection  of  mineral  acids  in 
this  way  is  reliable  and  requires  only  a  few  drops  of  the  vinegar.  If  desired, 
several  milliliters  of  the  suspected  vinegar  can  be  taken  to  dryness  and  the 
evaporation  residue  then  subjected  to  the  test.  If  phosphoric  acid  is  suspected, 
a  part  of  the  residue  can  be  tested  by  the  sensitive  reaction  with  ammonium 
molybdate  and  benzidine  (page  77). 

Vinegar  which  has  been  prepared  by  merely  diluting  pure  acetic  acid 
can  be  identified  as  such  by  evaporating  a  few  drops  of  the  sample  with 
ammonia  and  heating  the  residue  to  120°.  If  the  residue  gives  a  negative 
response  to  the  Nessler  test,  no  other  organic  acid  is  present. 

As  mentioned  above,  vinegar  which  is  produced  by  fermentation  of  alco¬ 
holic  liquids,  always  contains  small  amounts  of  organic  hydroxy  acids 
(citric  acid,  tartaric  acid,  glycolic  acid,  etc.).  A  general  test  for  these  acids26 
can  be  based  on  the  facts  that  they  are  able  to  form  soluble  complex  salts 
with  zirconium  in  ammoniacal  solution,  and  that  the  masked  zirconium, 
even  in  small  amounts,  can  be  detected  by  a  fluorescence  reaction  with  morin 
(see  page  309).  The  following  steps  are  necessary.  One  drop  of  1%  ZrCl4 
solution  and  one  drop  of  ammonia  are  added  to  1  or  2  drops  of  the  vinegar 
to  be  tested.  The  mixture  is  slightly  heated  and  filtered.  One  drop  of  0.05% 
solution  of  morin  in  acetone  and  one  drop  of  concentrated  hydrochloric 
acid  are  added  to  the  filtrate.  When  hydroxy  acids  are  present,  a  greenish 
yellow  fluorescence  appears  under  ultraviolet  light.  Vinegar  produced  by 
dilution  of  pure  synthetic  acid  does  not  show  the  fluorescence  reaction. 


>27 

21.  Detection  of  Salicylic  acid  in  Foods,  Beverages,  Condiments,  etc.  - 

Foods,  condiments,  beverages,  and  the  like,  sometimes  contain  smaU 
amounts  of  salicylic  acid  or  alkali  salicylate  which  have  been  added  as 
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preservative.  Salicylic  acid  can  be  detected  by  the  test  described  on  page  266, 
which  is  based  on  the  volatility  of  this  acid  and  the  fluorescence  of  its  magnes¬ 
ium  salt.  The  acidified  solution  of  the  sample  or  its  suspension  in  dilute  acid 
must  be  extracted  with  ether,  which  is  a  good  solvent  for  salicylic  acid, 
and  the  test  is  then  carried  out  on  the  ether-soluble  residue. 

Procedure.  About  10  ml  of  the  liquid  sample  is  treated  with  10  ml  of 
concentrated  sulfuric  acid.  After  cooling,  the  mixture  is  shaken  with  4  ml  of 
ether.  After  several  minutes,  one  or  two  drops  of  the  ether  solution  is  evaporated 
in  the  bulb  of  the  apparatus  shown  in  Figure  23,  page  40.  The  evaporation  residue 
is  treated  with  a  drop  of  concentrated  sulfuric  acid  and  the  apparatus  is  then  closed 
with  the  stopper,  whose  knob  has  been  charged  with  a  dab  of  magnesium  hy¬ 
droxide  suspension.  The  closed  apparatus  is  kept  for  10-15  minutes  in  an  oven 
at  130°.  The  knob  is  then  viewed  in  ultraviolet  light.  A  blue  fluorescence  indicates 
the  presence  of  salicylic  acid.  A  comparison  test  is  advised. 

The  sensitivity  of  the  test  is  shown  by  the  fact  that  it  will  reveal  0.017  %  of 
salicylic  acid  in  wine  or  water  if  one  drop  of  the  ether  extract  is  used.  Several 
drops  of  the  extract  should  be  taken  if  smaller  amounts  of  salicylic  acid  are  sus¬ 
pected. 

Reagents:  1)  Sulfuric  acid,  concentrated 

2)  Ether 

3)  Magnesium  hydroxide  suspension:  30  ml  of  10  %  magnesium 
sulfate  solution  is  treated  with  2  ml  of  5  N  sodium  hydroxide 


22.  Test  for  Soybean  Meal  27 

Soybean  meal  contains  urease,  an  enzyme  which  catalytically  hastens 
the  hydrolytic  decomposition  of  urea  and  biuret  to  ammonia  and  carbon 
dioxide  (ammonium  carbonate).  A  sensitive  test  for  urease  and  consequently 
or  soybean  meal  is  provided  by  the  procedure  (page  319)  which  is  based  on 
the  demask, ng  by  urease  of  the  nickel  bound  in  a  solution  of  the  complex 
nickel  biuret  anion.  The  test  can  be  made  in  the  form  of  a  drop  reaction  on 
a  spot  plate,  a  few  mdligrams  of  the  meal  suffices.  It  is  best  to  treat  one 
drop  of  the  neutral  or  slightly  alkaline  suspension  of  the  sample  with  one 

stoVL  10a5amne  faUimCkel  biUre‘  SOlut'°"-  "ter  the  "mixture  ha 
stood  for  10-15  minutes,  it  is  treated  with  a  drop  of  dimethylelvoxime 

solution.  A  red  precipitate  appears  if  urease  (soybean)  is  present 

Reagents.  As  described  on  page  320 

23.  Tests  for  Rancidity  of  Fats  and  Oils  2« 

SSSSSSSs 


References  pp.  369-371 


352 


APPLICATIONS  OF  SPOT  REACTIONS  6 

resulting  alteration  in  taste  and  odor,  i.e.  rancidity,  is  due  primarily  to  the 
formation  of  organic  peroxides,  hydroxy  fatty  acids,  and  aldehydes.  Spot 
reactions  can  be  employed  to  reveal  the  presence  of  these  three  types  of 
compounds. 

(a)  Detection  of  organic  peroxides 

2,7-Diaminofluorene  (I),  in  acetic  acid  solution,  is  converted  into  the  blue 
quinoneimide  compound  (II)  by  the  action  of  many  oxidizing  agents.29 


However,  organic  peroxides  and  hydrogen  peroxide  do  not  have  sufficient 
oxidizing  power  to  convert  (I)  into  (II),  but  certain  ferments,  the  peroxidases, 
such  as  the  hemin  of  blood,  raise  the  oxidation  power  sufficiently  so  that  the 
imide  formation  results.  This  activation  serves  not  only  to  reveal  the  pre¬ 
sence  of  peroxidases  (see  page  321)  but  also  can  be  utilized  to  detect  organic 
peroxides. 

Procedure.  One  drop  of  the  acetic  acid  solution  of  2,7-diaminofluorene  plus 
hemin  is  placed  on  filter  paper  and  spotted  with  one  drop  of  a  saturated  solution 
of  the  fat  or  oil  in  peroxide-free  ether.  Depending  on  the  peroxide  content,  of 
the  sample,  a  blue  fleck  appears  at  once  or  within  a  short  time,  the  intensity  also 
varying  with  the  peroxide  content.  Usually  the  center  of  the  fleck  is  green  to 
green-blue;  presumably  this  is  due  to  a  mixed  color  containing  the  blue  imide 
(II)  and  the  yellow  to  red-brown  condensation  product  of  the  reagent  with  alde¬ 
hydes  contained  in  the  rancid  sample. 

Reagent:  2,7-Diaminofluorene  30,  100  mg  plus  5  mg  hemin  dissolved  in  5  ml 
glacial  acetic  acid.  The  solution  should  be  freshly  prepared 


(b)  Detection  of  hydroxy  fatty  acids 

Hydroxy  fatty  acids  can  be  detected  by  the  red  color  which  develops 
when  their  solutions  come  into  contact  with  sym.  diphenylcarbazide.31  The 
chemistry  of  this  reaction  is  not  known. 


Procedure.  One  drop  of  the  diphenylcarbazide  solution  is  placed  on  filter 
paper  and,  after  evaporation  of  the  solvent,  is  spotted  with  a  drop  of  a  saturated 
solution  of  the  fat  or  oil  in  ether  or  petroleum  ether.  I  he  presence  of  y  Y 

iiltReagenf:  oTgram'of  diphenylcarbazide  “  is  dissolved  in  100  ml  of  tetrachlor- 
ethane,  warmed,  and  filtered  after  cooling 
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(c)  Detection  of  epihy  dr  inaldehyde 

Epihydrin  is  characteristic  of  the  aldehydes  which  are  present  in  rancid 
fats  and  oils.  However,  there  is  no  proportionality  between  the  degree  of 
this  rather  unstable  aldehyde,  which  is  distinctly  volatile  at  room  tempera¬ 
ture.  It  can  be  readily  detected  by  its  reaction  with  phloroglucinol  in  the 
presence  of  hydrochloric  acid.33  The  condensation  reaction,  which  yields 
a  red  color,  can  be  written34 : 


Procedure.  The  fat  or  oil  is  thoroughly  mixed  with  an  equal  volume  of 
concentrated  hydrochloric  acid  in  a  microcrucible.  The  crucible  is  then  covered 
with  a  piece  of  filter  paper  which  has  been  spotted  with  an  alcoholic  solution  of 
phloroglucinol  and  several  drops  of  hydrochloric  acid.  If  epihydrinaldehyde  is 
present,  a  red  color  appears  at  once  or  after  gentle  warming  (40°). 

Reagents:  1)  Hydrochloric  acid,  concentrated 

2)  Phloroglucinol,  0.1  %  solution  in  alcohol 

3)  Hydrochloric  acid,  dilute 


24.  Application  of  Spot  Tests  in  the  Examination  of 
Powder  and  Explosives  35 

nifratpk  w“  c°ntains  lar8e  am°™ts  of  nitrates,  may  be  tested  for 

nitrate  with  a  drop  of  the  water  extract.  The  color  reaction  with  diphenyl- 

amine  or  diphenylbenzidine,  which  results  in  the  production  of  blue  quiijid 
ammonmm  salts,  may  be  applied.  Similarly,  explosives  may  be  tested  for 
chlorate  by  the  reaction  with  manganous  sulfate  and  phosphoric  acid  (for 
mation  of  red  complex  Mn™  phosphate).  The  residue  from  bLed  b  lck 
powder  always  contains  thiosulfate,  thiocyanate,  and  sulfide.  Even  traces  0f 
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these  may  be  identified  by  the  catalytic  acceleration  of  the  iodine-azide 
reaction.  '1  he  test  with  Nessler  reagent  or  with  other  reagents  for  free  am¬ 
monia  may  be  used  for  the  detection  of  ammonium  salts  (ammonium  nitrate). 

Azides  can  be  detected  by  the  reactions  of  hydrazoic  acid  with  ferric  salts 
(production  of  red  FeN9). 

Free  sulfur  can  be  detected  in  explosives  and  gunpowders  by  the  trans¬ 
formation  of  acid-soluble  thallous  sulfide  into  acid-resistant  thallous  poly¬ 
sulfide.  All  of  these  tests  for  inorganic  ingredients  are  discussed  in  Volume  I. 

Aromatic  polynitro  compounds  (picric  acid,  trotyl)  may  be  identified  by 
the  test  for  m-dinitro  compounds  given  on  page  125. 

Explosives  which  contain  esters  of  nitric  acid  (nitrocellulose,  nitroglycerol, 
tetranitropentaerythritol,  etc.)  can  be  reduced  to  nitrites  and  identified  by 
the  Griess  test. 

Procedure.  A  few  milligrams  of  the  sample  is  mixed  on  a  spot  plate  with  a 
drop  of  sulfanilic  acid  and  a  drop  of  a-naphthylamine  (each  dissolved  in  acetic 
acid).  A  little  zinc  dust  or  Devarda  alloy  is  added.  If  nitro  compounds  were 
present,  the  solution  (or  solid)  is  colored  bright  red  by  the  resulting  azo  dye.  The 
development  of  the  color  may  require  a  few  minutes. 

Reagents:  1)  Zinc  dust  or  Devarda  alloy 

2)  Solution  of  sulfanilic  acid:  1  gram  is  dissolved  in  100  ml  30% 
acetic  by  warming 

3)  Solution  of  a-naphthylamine:  0.03  gram  of  the  base  is  boiled 
with  70  ml  water.  The  colorless  solution  is  decanted  from  the 
blue- violet  residue  and  diluted  with  30%  acetic  acid. 

Esters  of  nitric  acid  may  also  be  detected  in  threads  of  textiles.  Microscopic 
examination  will  reveal  admixtures  or  nonimpregnated  cotton.  When 
nitrates  and  insoluble  nitro  compounds  are  to  be  detected  in  the  presence 
of  each  other,  an  aqueous  extract  should  be  prepared.  After  centrifuging  or 
filtration,  the  clear  solution  is  tested  for  nitrate  (see  page  126)  and  the 
residue,  after  reduction,  for  nitrite. 

25.  Detection  of  Urea  Resins  36 

The  test  for  urea  based  on  the  formation  of  the  violet  nickel  salt  of  di- 
phenylcarbazide  (see  page  299),  can  be  applied  for  the  detection  of  urea  resins, 
which  are  polymerized  condensation  products  of  urea  with  formaldehyde 
etc.  The  lower  polymers  respond  directly;  the  higher  polymers  require 
hydrolysis  with  concentrated  hydrochloric  acid  to  liberate  the  urea. 

Procedure.  A  few  mg  of  the  solid  material  and  a  drop  of  concentrated 
hydrochloric  acid  are  taken  to  dryness  at  1 10°  in  a  micro  test  tube.  After  cooling, 
the  residue  is  treated  with  one  drop  of  phenylhydrazine  and  the  mixture  is 


References  pp.  369-371 


26 


CELLULOSE  AND  DERIVATIVES 


355 


heated  to  195°  for  5  minutes  in  an  oil  bath.  The  cooled  reaction  mixture  is  stirred 
with  three  drops  of  ammonia  and  five  drops  of  nickel  sulfate  solution,  and  then 
shaken  with  10-12  drops  of  chloroform.  A  violet  to  red  color  in  the  chloroform 
indicates  the  presence  of  urea  and  hence  of  a  synthetic  urea  resin  or  plastic. 

Reagents:  1)  Hydrochloric  acid,  concentrated 

2)  Ammonia,  1  :  1 

3)  Phenylhydrazine 

4)  Nickel  sulfate,  10  %  water  solution 

5)  Chloroform 


26.  Detection  of  Cellulose  and  Cellulose  Derivatives  37 


When  cellulose  is  heated  it  disintegrates  and  the  resulting  superheated 
steam  reacts  with  unchanged  cellulose  to  produce  hexoses,  which  in  turn 
hydrolyze  to  give  w-hydroxymethyl  furfural.  The  latter  is  volatile  with 
steam  and  can  be  detected  in  the  gas  phase  in  the  same  manner  as  furfural, 
i.e.  by  means  of  the  sensitive  test  with  aniline  acetate.  A  red  product  is 
formed.  The  chemistry  of  this  color  reaction  is  discussed  on  page  316. 

The  furfural  reaction  can  be  employed  for  the  detection  of  cellulose 
(Procedure  I)  and,  if  certain  conditions  are  observed,  to  reveal  the  presence 
of  cellulose  derivatives  such  as  cellulose  acetate  (Procedure  II).  It  should  be 
noted  that  all  sugars,  starches,  and  vegetable  gums  likewise  yield  furfural 

when  they  are  thermally  decomposed  or  hydrolyzed  by  strong  acids  (compare 
page  288).  '  r 


ocedure  I.  A  little  of  the  solid  sample,  say  a  thread  of  the  fabric  to  be 
tested  for  cotton,  is  placed  in  a  microcrucible.  The  latter  is  then  closed  with  a  disk 
of  filter  paper  moistened  with  aniline  acetate  solution  and  held  in  place  by  a 
small  watch  glass.  The  bottom  of  the  crucible  is  heated  for  30  seconds^  ith  a 
micro  burner  and  the  sample  is  thus  slowly  brought  to  charring.  A  red  fleck  ap¬ 
pears  on  the  paper  if  cotton  is  present.  ^ 

Methyl  cellulose,  ethyl  cellulose  and  acetyl  cellulose  do  not  respond  to 

to  thdUre  d  bfause(th,ey  d0  not  undergo  the  loss  of  water  which  is  essential 
to  the  production  of  furfural.  If,  however,  such  cellulose  derivatTves  are 

prodtmdonHof^eUulose^hicl^^irrits5?^0”0  ^  “»  SaP°"‘fed 

produce  furfural  when  heated  The  tot  tT*  “  15  ®  carbohydrate,  does 
aniline  acetate.  ktter  ‘hen  resPonds  to  th«  test  with 


is  P^ced  in  a  microcrucible 

with  filter  paper  moistened  with  aniline  acetate  soTT  °f  T  cruclble  ls  covered 
a  watch  glass.  After  cautious  heatine  with  f  f‘°n  and  wei«ht«i  down  with 

... .« _  „;r“Ar  * 
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Reagents:  1 )  Aniline  acetate  solution:  10%  solution  of  aniline  in  10% 
acetic  acid 

2)  Phosphoric  acid,  85  % 

Procedure  II,  which  is  more  sensitive,  may  also  be  applied,  in  place  of  Pro¬ 
cedure  I,  for  the  detection  of  cellulose. 

27.  Detection  of  £>-Phenylenediamine  in  Hair  Dyes 

/>-Phenylenediamine  is  widely  used  to  dye  furs;  it  is  adsorbed  and  then 
oxidizes  in  the  air  to  black  ^-quinonediimine.  Because  of  its  toxicity,  its  use 
in  hair  dyes  is  illegal.  A  rapid  test,  which  can  be  conducted  as  a  spot  reaction, 
is  based  on  the  conversion  into  the  indamine  dye  phenylene  blue.  The  pro¬ 
cedure  given  on  page  296  may  be  used. 


28.  Tests  for  Isonicotinic  acid  hydrazide 

The  hydrazide  of  isonicotinic  acid  (/>-pyridine  carboxylic  acid)  has  come 
to  the  fore  as  a  remedy  for  tuberculosis.  As  such  it  goes  under  a  great  variety 
of  trade  names  (INH,  Nihydrazide,  Neoteben,  Uinacrin,  Cotinazine,  etc.). 
It  can  be  identified  in  pharmaceutical  preparations  by  condensation  with 
salicylaldehyde  38  or  through  its  redox  reaction  with  phosphomolybdate,39 
i.e.,  by  Procedures  I  and  II,  respectively. 

If  a  saturated  water  solution  of  salicylaldehyde  is  added  to  a  neutral 
solution  of  isonicotinic  acid  hydrazide  (I),  the  resulting  yellow-white  crys¬ 
talline  precipitate  is  characterized  by  a  strong  yellow-green  fluorescence  in 
ultraviolet  light.  This  product  (II)  is  a  Schiff’s  base;  it  results  from  the 
condensation: 


(/) 


This  condensation  is  analogous  to  the  condensation  of  hydrazine  with 
salicylaldehyde  and  other  o-hydroxyaldehydes,  which  yield  water-insoluble 
aldazines  that  fluoresce  orange-yellow  (see  pages  269  158).  However,  in 
contrast  to  the  acid-resistant  aldazines,  compound  II),  by .virtue  of  t 
pyridine  component  of  its  molecule,  is  soluble  in  dilute  acids  and  give 
lemon  yellow  solution.  Furthermore,  the  fluorescence  then  disappears  \\  t 
dilute  hydrochloric  or  sulfuric  acid,  the  hydrochloride  or  sulfate  of  (II) 
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present  in  the  yellow  solutions.  The  latter  are  also  formed  if  mineral  acid 
solutions  of  isonicotinic  acid  hydrazide  (containing  colorless  cations  (III)), 
are  treated  with  a  water  solution  of  salicylaldehyde ;  the  yellow  cation  (IV) 
is  formed: 


CO— NH— NHa  +  OCH 
(III) 


OH 


(2) 


The  color  reaction  (2)  is  specific  in  the  form  of  a  spot  test ;  the  identi¬ 
fication  limit  is  10  y.  If  the  yellow  solution  is  placed  in  contact  with  calcium 
carbonate  or  if  it  is  alkalized  by  means  of  ammonia,  (IV)  is  transformed  into 
the  water-insoluble  compound  (II),  which  can  be  discerned  even  in  small 
amounts  because  of  its  fluorescence.  Since  neutral  solutions  are  rarely  en¬ 
countered  in  actual  practice,  it  is  advisable  always  to  start  with  acid  solu¬ 
tions  when  testing  for  isonicotinic  acid  hydrazide. 


Procedure  I.  The  acid  solution  to  be  tested  is  treated  with  an  equal  volume 
of  a  water  solution  of  salicylaldehyde.  One  drop  of  the  light  yellow  solution, 
which  may  appear  to  be  colorless  when  only  slight  amounts  of  the  hydrazide 
are  present,  is  placed  on  filter  paper.  After  4  minutes,  the  fleck  is  held  over  a  dish 
containing  ammonia.  (The  exposure  to  air  is  necessary  in  order  to  volatilize  and 
oxidize  the  excess  salicylaldehyde.)  If  isonicotinic  hydrazide  was  present,  there 
remains  a  fleck  which  fluoresces  yellow-green  in  ultraviolet  light,  the  intensity 
depending  on  the  quantity  of  hydrazide  involved.  The  fluorescence  disappears 
when  the  paper  is  dried  in  the  air,  but  it  reappears  if  the  paper  is  held  over  am- 
moma.  A  comparison  blank  test  is  advised. 

Limit  of  Identification:  0.1  y  isonicotinic  acid  hydrazide 
Dilution  Limit:  1  :  500,000 

‘VV  alS°  SUCCeedS  at  a  like  diluti0n  with  the  volume  ofamicrodrop  (0  001 
)  "  hlch  corresponds  to  an  identification  limit  of  0.002  y  iso  nicotinic  hydrazide 
Reagents.  1)  Salicylaldehyde,  freshly  distilled 
2)  Ammonia 

Since  isonicotinic  acid  hydrazide  is  a  derivative  of  pyridine  it  can  be  Drecmi 

phosphate, ^^^amjnonium^rnolybdat^tmt5^1)^!6  ^draf^ne' 

occurs  between  the 
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denum.  The  intensely  colored  molybdenum  blue  results.  It  is  not  necessary 
to  isolate  the  phosphomolybdate  of  isonicotinic  acid  hydrazide  in  order  to 
realize  the  color  reaction  based  on  the  production  of  molybdenum  blue.  It 
suffices  to  add  phosphomolybdic  acid  to  the  acid  solution  and  then  alkalize 
with  ammonia,  bree  hydrazine  and  oxidizable  amines  must  not  be  present. 
The  former  reduces  phosphomolybdic  acid  to  molybdenum  blue  even  in 
acid  solution;  the  latter  are  likewise  precipitated  from  acid  solution  by 
phosphomolybdate,  and  molybdenum  blue  results  after  addition  of  ammonia 
(see  page  102). 

Procedure  II.  One  drop  of  the  neutral  or  mineral  acid  test  solution  is  mixed 
on  a  spot  plate  with  a  drop  of  a  water  solution  of  phosphomolybdic  acid.  After 
1-2  minutes,  the  solution  is  made  alkaline  with  ammonia.  Depending  on  the 
quantity  of  isonicotinic  acid  hydrazide,  a  blue  precipitate  or  color  appears. 

Limit  of  Identification:  0.5  y  isonicotinic  acid  hydrazide 

Dilution  Limit:  1  :  100,000 

Reagents:  1)  Phosphomolybdic  acid  40,  saturated  water  solution 
2)  Ammonia 


29.  Tests  for  Penicillin  G  Salts  41 


The  antibiotics  known  as  Penicillin  G  salts  contain  not  less  than  85  % 
of  the  sodium  or  potassium  salt  of  C,6H17K(Na)N,04S.  The  potassium  salt 
has  the  structure 


C  H,— C— NH— C  H— C  H 


o 


-N 


s 


/CH3 

|\CH, 
CH— COOK 


O 


Similar  preparations  are  also  on  the  market,  such  as  Buffered  crystalline 
Penicillin",  which  is  a  mixture  of  the  sodium  or  potassium  salt  with  4-5  % 
of  sodium  citrate,  and  "Penicillin  G  Procaine",  the  procaine  salt  of  Peni¬ 


cillin  G.42 

If  the  samples  are  pure  preparations,  the  behavior  of  the  ignition  residues 
is  characteristic.  With  the  exception  of  the  procaine  salt,  which  burns  with¬ 
out  leaving  a  residue,  the  other  preparations  yield  alkali  carbonate.  The 
ignition  tests  can  be  conducted  in  a  microcrucible  with  as  little  as  0. 2-0.5 
milligram  of  the  sample.  The  test  for  alkalinity  is  best  made  with  nickel 
dimethylglyoxime  equilibrium  solution  as  described  on  page  90. 

Another  test  for  penicillin  preparations  of  all  kinds  consists  in  treating  a 
tiny  portion  (fractions  of  a  milligram  are  sufficient)  with  a  drop  or  two  o 
a  saturated  (room  temperature)  water  solution  of  phos phomolybdic :  acid. 
The  test  tube  containing  the  mixture  is  plunged  into  boiling  wa  er  I 
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instant.  If  Penicillin  G  compounds  are  present,  an  intense  blue  color  appears 
within  several  seconds.  The  color  reaction  results  from  the  liberation  of  the 
free  acid  from  the  salts  of  the  Penicilin  G  and  its  hydrolysis  to  produce 
penicillamine,  which  is  /?,/?- dimethyl  cystein:42a 

ch3 

I 

H,C — C - CH—  COOH 

I  I 

SH  NH, 

Since  the  latter  is  a  mercaptan,  it  is  oxidized  to  the  disulfide  by  phospho- 
molybdic  acid  and  consequently  molybdenum  blue  results.  The  limit  of 
identification  is  4  y  in  the  case  of  Penicillin  G  Sodium.  Streptomycin  and 
dihydrostreptomycin  give  no  color  reaction  with  phosphomolybdic  acid. 


30.  Tests  for  Streptomycin  and  Dihydrostreptomycin  43 

The  basic  antibiotic  streptomycin  is  usually  available  as  the  hydro¬ 
chloride,  C21H39N7012-3HC1 ;  as  the  hydrochloride  double  salt  with  calcium 
chloride,  (C21H39N70J2-3HCl)2-CaCl2;  as  the  phosphate,  C2lH39N7012-H3P04; 
or  as  the  sulfate,  (C21H39N7012)2-3H2S04.  The  streptomycin  base  has  the 
structure : 

NH 


HXCNH, 


H 

HOCH  CH 


H2NCHNCH  CHOH 


NH 


HOH 


O - CH 

HC 

I  I 

O  OHC — C OH 

! 

CH 

I 

CH, 


O- 


CH 

|  CH3NHCH 

I  I 

O  HC  OH 

I 

HOCH 


-CH 

CH2OH 

Dihydrostreptomycin  is  produced  by  hydrogenation  of  streptomycin  It 
group-CHoTr  nh01  gr°,UP -CHs°H  m  Place  °f  the  central  ^dehyde 

g  p  O.  It  is  usually  available  as  the  hydrochloride  C,  H  NO  -inn 
or  as  the  sulfate  (C!1H41N,01!!)J-3HaS0(.  3HC1 

The  salts  of  the  streptomycin  and  the  dihydrostreptomycin  base  behave 
as  free  acids  toward  alkali  nickel  biuret  solution  i  e 

plexly  bound  nickel  of  this  reagent  so  That Z  d  t^y,d,emask  the  com- 
occurs  (see  page  rim  g  .  ‘  the  dmiethylgloxime  reaction 

(see  page  330).  Since  preparations  of  streptomycin  and  d, hydro- 
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streptomycin  contain  no  admixtures  of  other  acidic  compounds,  the  proce¬ 
dure  described  on  page  330  for  the  detection  of  acid  compounds  can  be 
applied  for  identification  purpose  in  the  present  instances. 

The  procedures  given  in  Volume  I  may  be  used  to  determine  the  presence 
of  chloride,  phosphate,  or  sulfate. 

The  presence  of  double  salts  of  streptomycin  hydrochloride  with  calcium 
chloride  can  be  shown  by  ashing  0. 2-0.4  mg  of  the  sample,  and  then 
testing  the  residue  with  dimethylglyoxime  equilibrium  solution  as  described 
on  page  54.  The  ashing  leaves  part  of  the  calcium  as  oxide,  which  brings  about 
the  precipitation  of  red  nickel  dimethylglyoxime.  Another  rapid  test  for 
calcium  is  provided  by  spotting  a  little  of  the  solid  sample  with  a  drop  of  a 
1  %  ammoniacal  solution  of  sodium  rhodizonate.  Violet  insoluble  calcium 
rhodizonate  is  formed.  (See  page  366.) 

To  identify  streptomycin,44  about  0.5  mg  is  placed  in  a  microcrucible  and 
dissolved  in  a  drop  of  water.  One  drop  of  1  A  sodium  hydroxide  is  added 
and  the  solution  is  warmed  in  the  water  bath  for  about  5  minutes.  After 
cooling,  a  drop  of  a  solution  containing  100  mg  of  ferric  ammonium  sulfate 
in  5  ml  of  1  N  sulfuric  acid  is  added :  a  purple-red  color  is  produced.  Dihydro¬ 
streptomycin  yields  only  a  pink  color  at  most. 


31.  Detection  of  Aminophylline  and  Euphylline  45 


Aminophylline  and  euphylline  are  water-soluble  addition  products  of  ethyl- 
enediamine  with  theophylline  (1,3-dimethylxanthine),  which  is  only  slightly 
soluble  in  water.  Aminophylline  is  the  addition  compound  of  two  molecules 
of  theophylline  with  one  molecule  of  ethylenediamine,  whereas  euphylline 
contains  two  molecules  of  ethylenediamine  to  three  molecules  of  theophylline. 
Both  preparations  are  widely  used  as  diuretics  and  as  miocardial  stimu¬ 
lants.  Other  water-soluble  theophylline  preparations  with  the  same  action 
include:  48  theophylline-diethanolamine,  theophylline-calcium  salicylate, 
theophylline-sodium  acetate,  theophylline-sodium  salicylate,  and  theophyl¬ 
line-methyl  glucamine.  Aminophylline  and  euphylline  can  be  be  identified 
with  certainty  through  the  ethylenediamine  contained  in  them,  since  it 
reacts  with  sodium  rhodizonate  to  produce  a  water-insoluble  violet  ethylene¬ 
diamine  compound  of  rhodizonic  acid  (see  page  289).  The  realization  of  the 
test  requires  the  previous  transformation  of  the  ethylenediamine  contained 
in  the  theophylline  preparations  into  its  neutral  hydrochloride  (or  acetate). 
This  is  easily  accomplished. 


Procedure.  A  little  of  the  test  material  (fractions  of  a  milligram  are  enough) 
is  placed  in  a  microcrucible  along  with  a  drop  of  hydrochloric  acid  ( 1  .  )  an 

mixture  is  taken  to  dryness  on  a  water  bath.  The  residue  is  freed  completely 
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any  unbound  hydrochloric  acid  by  keeping  it  at  110°  for  several  minutes.  After 
cooling,  the  residue  is  treated  with  a  drop  of  freshly  prepared  sodium  rhodizonate 
solution.  A  violet  precipitate  indicates  the  presence  of  aminophylline  and/or 
euphylline.  If  preferred,  a  little  of  the  solid  sample  can  be  pulverized  and  placed 
on  filter  paper  and  exposed  to  the  vapors  of  hydrochloric  acid  or  acetic  acid  for 
1-2  minutes,  and  after  standing  in  the  air  for  1-2  minutes,  the  material  is  spotted 
with  sodium  rhodizonate  solution.  Under  these  conditions,  enough  ethylene 
hydrochloride  or  acetate  is  formed  to  respond  to  sodium  rhodizonate. 

This  test  is  valid  for  aminophylline  or  euphylline  only  when  no  theophylline- 
calcium  salicylate  is  present,  since  the  latter  yields  violet  calcium  rhodi¬ 
zonate  under  the  conditions  prescribed  here.  To  differentiate  between  theo¬ 
phylline-calcium  salicylate  and  aminophylline  or  euphylline,  a  little  of  the 
test  material  should  be  stirred  in  a  microcrucible  with  a  drop  of  ammonia 
and  then  treated  with  a  drop  of  sodium  rhodizonate  solution.  Under  these 
conditions,  only  calcium  rhodizonate  is  produced,  but  there  is  no  production 
of  the  equally  violet  ethylenediamine  rhodizonate.  Consequently,  if  no  reac¬ 
tion  is  obtained  in  ammoniacal  solution,  a  positive  response  to  the  rhodizon¬ 
ate  test  after  treating  the  sample  with  hydrochloric  or  acetic  acid  indicates 
the  presence  of  aminophylline  or  euphylline.  If  both  ethylenediamine  com¬ 
pounds  of  theophylline  are  to  be  detected  in  the  presence  of  theophylline- 
calcium  salicylate,  a  little  of  the  sample  should  be  digested  with  sodium  car¬ 
bonate  solution  in  order  to  remove  the  calcium,  and  the  resulting  calcium 
carbonate  is  separated  from  the  solution  by  filtering  or  centrifuging.  The 
detection  of  ethylenediamine  can  then  be  conducted  in  one  drop  of  the  clear 
solution,  after  adding  hydrochloric  acid  and  evaporating. 


32.  Identification  of  Guiacol  Carbonate47 

Guiacol  (o-methoxyphenol)  is  used  for  medicinal  purposes  in  the  form  of 
its  benzoate,  cacodylate,  cinnamate,  salicylate,  phosphate,  valerate,  ethyl¬ 
ene  ether,  and  carbonate.48  The  carbonate(I)  can  be  distinguished  from  the 
other  guiacol  preparations  through  the  fact  that  when  warmed  with  phenyl- 
hydrazme,  they  condense  to  produce  diphenylcarbazide  (diphenylcarbohy- 
drazone)  (II)  and  guiacol  is  set  free:49 


oc 


/OC6H4(OCH3) 

\OC6H4(OCH3) 


+  nh2nhc6h5 


oc 


/NH— NHCeH5 


\NH— NHC.H, 


+  2  C6H4(OH)(OCH3) 


(I)  (II) 

The  diphenylcarbazide  produced  by  this  condensation  can  be  detected 
with  high  sensitivity  by  adding  ammonia  and  a  solution  of  a  nickel  salt 
There  the  water-insoluble,  blue-violet,  inner  complex  nickel  diphenylcar- 

tedV’  reSU  tS’  11  T  bC  extracted  fcy  meana  of  chloroform.  (Compare  the 

test  for  urea,  page  299.)  v  p  e 
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Procedure.  A  litte  of  the  solid  test  material,  or  the  dry  evaporation  residue 
of  a  solution  of  the  sample,  is  treated  in  a  micro  test  tube  with  a  drop  of  phenyl- 
hydrazine  and  heated  in  a  oil  bath  for  five  minutes  at  170°.  After  cooling,  the 
contents  of  the  test  tube  are  treated  with  five  drops  of  ammonia  and  five  drops 
of  nickel  sulfate  solution.  The  reaction  mixture  is  then  shaken  with  about  ten 
drops  of  chloroform.  A  red- violet  color  in  the  chloroform  layer  indicates  the 
presence  of  guiacol  carbonate. 

Limit  of  Identification:  50  y  guiacol  carbonate 

Reagents:  1)  Phenylhydrazine 

2)  Ammonia,  1  :  1 

3)  Nickel  sulfate,  10%  solution 

4)  Chloroform 


33.  Detection  of  Antimonial  Pharmaceutical  Preparations50 

A  number  of  organic  compounds  containing  ter-  and  quinquevalent 
antimony  are  used  to  combat  protozoal  diseases.  The  most  important  of 
these  preparations  are  51 : 


Tartar  emetic  (potassium  antimonyl 
tartrate) 

Stibamine  (sodium  p-amino-phenyl- 
antimonate) 

Neostibosan  (diethylamino-£-phenyl- 
antimonate) 

Stibenyl  (sodium  ^-acetylamino- 
phenylantimonate) 

Antimony  thioglycollamide 

Antimony  sodium  thioglycollate 


Fuadine  (sodium  antimony111  bis 
pyrocatechol-2, 4-disulfonate) 

Glucantime  (N-methylglucamine- 
antimonate) 

p-Chlorophenylstibonic  acid 


KOOC — CH(OH) — C  H(OH) — COO(SbO) 
/NH2 

C  H 

\SbO(OH)(ONa) 

C#H&— SbO(OH)OH-NH(C2H5)2 
/NHCOCH3 

C  H 

\SbO(OH)(ONa) 

Sb(S  CH2CONH2)3 

OC  Sb—  S— CHj—  COONa 


CHaOH — (CHOH)4 — CH2 — NH-HSb03 

CH3 

C6H4C1— SbO(OH)2 


The  antimony  can  readily  be  detected  directly  in  all  of  the  compounds  liste 
above.  On  treatment  with  hydrochloric  acid,  potassium  iodide,  and  sulfur- 
ous  acid  (the  latter  in  the  case  of  quinquevalent  antimony)  the  complex  aci 
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H[SbIJ  or  its  ions  is  produced  at  once  or  within  a  few  minutes.  Addition 
of  a  water  solution  of  the  amphoteric  dye  rhodamine  B  results  in  the 
deposition  of  the  rhodamine  salt  in  the  form  of  a  violet  precipitate.  Compare 
the  detection  of  antimony  mordants  in  textiles,  page  342. 

Procedure.  A  minimal  quantity  of  the  solid  preparation,  or  a  drop  of  the 
solution,  is  placed  in  a  depression  of  a  spot  plate.  Drops  of  potassium  iodide 
solution  and  dilute  hydrochloric  acid  are  added  in  succession.  If  the  mixture 
turns  brown  because  of  the  liberation  of  iodine,  this  in  itself  is  an  indication  of 
the  presence  of  quinquevalent  antimony.  In  this  case,  the  iodine  is  removed  by 
adding  a  drop  of  sulfurous  acid*  and  a  drop  of  the  dye  solution  is  introduced. 
The  separation  of  a  red-violet  precipitate  proves  the  presence  of  antimony. 

Reagents:  See  page  343. 

The  sensitivity  of  the  test  is  demonstrated  by  the  finding  that  this  reaction 
with  rhodamine  B  will  reveal  1  y  of  antimony. 

This  test  is  not  applicable  in  the  presence  of  organic  bismuth  compounds, 
since  the  latter  are  converted  into  H[BiI4]  or  its  ions  by  hydrochloric  acid 
and  potassium  iodide,  and  this  complex  acid  reacts  with  rhodamine  B  in  the 
same  manner  as  H[SbI4].  Compare  34  regarding  the  detection  of  organic 
bismuth  compounds. 

Another,  though  admittedly  less  sensitive,  test  for  antimony  in  organic 
compounds  but  which  is  not  impaired  by  organic  bismuth  compounds, 
consists  in  igniting  the  sample  and  treating  the  residue,  which  contains 
Sb205  and  Sb204,  with  a  drop  of  a  solution  of  diphenylamine  or  diphenyl- 
benzidine  in  concentrated  sulfuric  acid.  On  stirring,  a  blue  color  develops; 
it  is  due  to  a  quinoidal  oxidation  product  of  diphenylbenzidine.  Regarding 
this  test  for  antimony,  see  Volume  I,  p.  376. 


34.  Detection  of  Bismuth- bearing  Medicinals53 

Numerous  medicinals  contain  organic  bismuth  compounds  in  which  the 
metal  is  a  constituent  of  normal  or  complex  salts.  The  most  important 
preparations  of  this  kind  are bismuth  subsalicylate,  sublactate,  subgallate 
lodosubgallate  bismuth  sodium  triglycolamate,  basic  bismuth  pyrogallate' 

mophenate  y  Camph°rate’  bismuth  glycolyl  arsanilate,  bismuth  tnbro- 

theAdPtelirinaTieTP°Siti0n  °f  ‘he  °rganic  "**“<*  »  not  required  for 
the  detection  of  the  bismuth.  The  slight  concentration  of  Bi«-ions  provided 

rrr °f  a,kaii  -  *«>- 

pounds  (KI-4S02;  NaI-2S02,  etc.)  52.  *  d  1  the  formatlon  of  addition  com- 
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by  contact  of  even  difficultly  soluble  compounds  with  aqueous  stannite 
solution  is  sufficient  to  achieve  the  redox  reaction : 65 

2  Bi+S  +  3  SnOa~2  +  6  OH-  -*  2  Bi°  +  3  SnOr2  +  3  HaO 

1  he  elementary  bismuth  separates  in  a  high  state  of  division  and  its  black 
color  provides  a  sensitive  detection  of  the  metal  (compare  Volume  I, 
Chapter  3). 

The  test  may  not  be  applied  directly  in  the  presence  of  organic  compounds 
of  silver  and  mercury,  since  they  too  are  reduced  to  the  respective  metals  by 
stannite.  In  contrast  to  organic  bismuth  compounds,  which  leave  Bi203  on 
ignition,  the  ignition  residues  of  organic  mercury  compounds  are  free  of 
mercury.  Accordingly,  when  the  presence  of  mercury  compounds  must  be 
taken  into  account  (for  detection  see  page  85),  the  test  material  must  be 
ignited  before  making  the  test  for  bismuth.  When  organic  silver  compounds 
are  ignited,  metallic  silver  is  left.  (Sulfur-bearing  compounds  yield  silver 
sulfate.)  If  the  presence  of  a  silver-bearing  ignition  residue  is  suspected,  the 
latter  should  be  digested  with  warm  dilute  hydrochloric  acid  and  the  solu¬ 
tion  then  subjected  to  the  test  with  stannite.  Compare  Volume  I,  page  56 
regarding  a  sensitive  test  for  silver  which  can  be  accomplished  in  one  drop  of 
a  nitric  acid  solution  of  the  ignition  residue. 

Procedure.  The  solid  test  material  (ignition  residue)  is  treated  in  a  micro 
crucible  with  a  drop  of  stannite  solution.  A  black  precipitate  or  a  black-grey 
color  indicates  the  presence  of  bismuth. 

Reagent:  Alkali  stannite  solution:  Five  grams  of  stannous  chloride  is  dissolved 
in  5  ml  of  concentrated  hydrochloric  acid  and  diluted  to  100  ml  water. 
Shortly  before  use,  several  milliliters  of  the  stannous  chloride  solution 
is  mixed  with  an  equal  volume  of  25%  sodium  hydroxide  solution. 


35.  Detection  of  Salicin  (Populin) 

Salicin,  which  is  the  anhydride  of  o-hydroxybenzyl  alcohol  (saligenin)  with 
glucose,  and  also  the  benzoate  of  this  glucoside,  which  is  known  as  populin, 
occurs  in  certain  plants,  especially  in  the  leaves  and  wood  of  the  poplar  and 
willow.  56  Salicin,  which  finds  greater  use  in  veterinary  practice  than  in 
human  medicine,  57  can  be  detected  by  the  procedure  given  on  page  270, 
which  is  based  on  saponification  of  the  glucoside,  oxidation  of  the  liberated 
saligenin  to  salicylaldehyde,  and  condensation  of  the  latter  with  hydrazine 
to  form  salicylaldazine,  which  displays  a  yellow-green  fluorescence.  A  much 
quicker  and  more  specific  method  88  of  detecting  salicin  and  populin  makes 
use  of  the  fact  that  when  these  compounds  are  heated,  they  split  off  salicyl- 
aldehyde,  which,  in  the  vapor  phase,  on  contact  with  alkali  hydroxide  or 
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hydrazine  sulfate  forms  the  alkali  salt  or  the  aldazme,  which  display  a 
characteristic  blue- violet  or  yellow-green  fluorescence,  respectively.  Compare 

page  269.  . 

The  mechanism  of  this  hitherto  unknown  thermal  splitting  of  saiicin  to 

produce  salicylaldehyde  probably  involves  the  following  stages.  When  saiicin 
(m.p.  201°)  is  heated  to  higher  temperatures,  there  is  caramelization  of  some 
of  the  sugar.  The  resulting  superheated  steam  saponifies  the  glucoside  as 
shown  in  (1 )  to  produce  o-hydroxybenzyl  alcohol.  The  latter  condenses  at 
the  temperature  of  its  formation  to  form  saliretin*  as  shown  in  (2).  In  its 
turn,  the  latter  undergoes  thermal  fission  and  disproportionates  to  give 
salicylaldehyde  and  benzyl  alcohol  as  shown  in  (3): 


Though  not  yet  verified  experimentally,  this  succession  of  reactions 
appears  to  be  plausible.** 


Procedure.  A  little  (1—2  mg  is  enough)  of  the  dry  sample  is  placed  in  a  micro 
test  tube  or  microcrucible.  The  reaction  vessel  is  covered  with  a  disk  of  filter 
paper,  which  has  been  moistened  with  dilute  caustic. alkali  or  a  solution  of 
hydrazine  sulfate  containing  sodium  acetate.  The  paper  is  kept  in  place  with  a 
small  watch  glass.  The  bottom  of  the  vessel  is  heated  with  a  micro  flame.  If 
saiicin  is  present  in  not  too  small  amounts,  a  yellow  stain  appears  on  the  paper- 
it  is  due  to  the  alkali  salt  or  aldazine  of  salicylaldehyde.  Viewed  in  ultraviolet 


230-240° Sdliff’  BCr"  U  (1881)  304  Pr°Ved  that  saliretin  is  formed  ^en  saiicin  is  heated  to 

^»as»sa-r-: 
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light,  the  blue-violet  or  yellow-green  fluorescence  of  these  products  is  visible 
even  when  the  paper  shows  no  yellow  in  daylight. 

Reagents:  See  page  271. 

I  he  test  may  also  be  carried  out  with  powder  of  the  sample  heated  in  a 
micro  capillary.  In  case  aqueous  solutions  or  extracts  are  to  be  examined, 
a  few  drops  should  be  taken  to  dryness  and  the  test  conducted  with  the 
evaporation  residue. 


36.  Detection  of  Calcium-bearing  Pharmaceutical  Preparations  59 


Since  calcium  is  a  very  important  biogenic  element,  there  are  many 
pharmaceutical  calciferous  preparations.  They  usually  contain  soluble  cal¬ 
cium  salts  of  organic  acids,  either  in  the  pure  form  or  as  admixtures.  Calcium 
salts  of  organic  acids  containing  iodine  serve  as  substitutes  for  sodium  iodide, 
which  is  tolerated  to  only  a  slight  extent.  Moreover,  certain  active  acid 
compounds  are  prescribed  frequently  in  the  form  of  their  stable  water- 
soluble  calcium  salts  by  physicians  and  veterinarians.  A  rapid  direct  test  for 
calcium  in  preparations  of  this  kind  is  based  on  the  fact  that  sodium  rhodi- 
zonate  plus  sodium  hydroxide  produces  a  violet  crystalline  precipitate  when 
added  to  aqueous  solutions  or  suspensions  of  almost  all  organic  calcium  salts 
(compare  page  289)  60.  This  reaction  probably  involves  the  formation  of  a 
basic  calcium  salt  of  rhodizonic  acid.  Since  a  water  suspension  of  gypsum 
behaves  similarly  to  a  quite  soluble  calcium  salt,  it  may  be  assumed  that 
organic  calcium  salts,  whose  solubility  lies  in  the  region  of  that  of  calcium 
sulfate  (0.3  g  per  100  ml),  can  likewise  be  detected  by  the  reaction  with 
sodium  rhodizonate.  No  reaction  toward  this  (ammoniacal)  reagent  is  shown 
by  calcium  phosphate,  oxalate,  arsenate,  or  fluoride,  which  are  practically 
insoluble  in  water.  Water-soluble  barium  and  strontium  salts  behave  similar 
to  calcium  salts  (compare  Volume  I,  Chapter  3).  With  the  exception  of  barium 
sulfate  (X-ray  contrast  agent)  which  does  not  react  with  sodium  rhodizonate, 
no  strontium  and  barium  compounds  are  used  in  medicine  to  any  extent.* 
Consequently,  the  following  test  can  be  used  with  confidence  to  reveal  the 
presence  of  calcium  in  pharmaceutical  products. 


Procedure.  A  little  of  the  solid  sample  is  placed  in  a  depression  of  a  spot  plate 
and  stirred  with  a  drop  of  water.  The  solution  or  suspension  is  treated  with  a 
drop  of  sodium  rhodizonate  solution  and  a  drop  of  sodium  hydroxide.  A  violet 
color  indicates  the  presence  of  calcium-bearing  preparations. 


*  Barium  sulfate,  used  as  shadow  agent  in  X-ray  photography,  may  not  contain  an> 'soluble 
barium  salts.  The  purity  can  be  tested  by  stirring  0.01  g  of  the  sample  with  2  ■ or  3  drops  of 
sodium  rhodizonate  solution  and  a  drop  of  ammonia.  Pure  preparations  remam  unchanged, 
whereas  if  soluble  barium  salts  are  present,  the  barium  sulfate  is  colored  red-violet, 
depending  on  the  proportion  of  soluble  salt  present. 
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When  dealing  with  calcium  compounds  which  are  less  water-soluble  than 
gypsum,  a  little  of  the  sample  is  ashed  in  a  micrOcrucible,  and  the  residue 
strongly  ignited  (formation  of  calcium  oxide).  After  cooling,  it  is  sufficient  to 
add  a  drop  of  the  reagent  solution  to  the  ignition  residue. 

Reagents:  1 )  Freshly  prepared  0.2  %  solution  of  sodium  rhodizonate 
2)  0.5  N  sodium  hydroxide 


This  procedure  was  tested  successfully  with  the  following  products : 


Ca-glycerinophosphate  (Neurosin) 

Ca-gluconate 

Ca-lactate 

Ca-levulinate 

Ca-mandelate 

Ca-naphthol  monosulfonate  (Asaprol) 


Ca-salicylate 

Ca-dibromobehenate  (Sabronin) 
Ca-iodobehenate  (Catioben) 
Ca-penicillin  G 
Ca-pantothenate 
Ca-creosotate  (after  ashing) 


The  following  points  should  be  noted.  The  preparation,  known  as  Calcium 
Lactophosphate  soluble,  which  is  a  mixture  of  calcium  lactate,  calcium  acid 
lactate,  and  calcium  biphosphate  is  soluble  in  20  parts  of  water.  However,  it 
does  not  react  with  alkaline  sodium  rhodizonate  solution,  whereas  the  ignition 
residue  of  this  preparation  gives  a  decided  reaction.  The  reason  probably  is  that 
the  ignition  residue  contains  calcium  oxide  along  with  calcium  pyrophosphate, 
while  only  tertiary  calcium  phosphate  is  present  when  the  solution  is  made 
alkaline,  and  the  latter  does  not  react  with  sodium  rhodizonate  (see  above). 
Likewise,  the  basic  solution  of  the  complex  calcium  salt  of  ethylenediaminetetra- 
acetic  acid  (see  page  265)  shows  no  reaction  with  sodium  rhodizonate,  but  the 
ignition  residue  of  this  salt  readily  shows  the  presence  of  calcium.  Therefore, 
when  examining  pharmaceutical  calcium  preparations,  it  is  advisable  to  test 
the  solution  or  water  suspension  with  sodium  rhodizonate  solution,  and  if  the 
result  is  negative,  the  test  should  be  repeated  with  the  ignition  residue. 
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Chapter  7 

Tabular  Summary  of  the  Limits  of  Identification  Attained 

by  Spot  Tests 

The  limit  of  identification  is  given  for  the  most  sensitive  procedure,  if  the 


reaction  may  be  carried  out  in  different 

ways. 

Unless  otherwise  stated,  a  macrodrop  (about  0.05  ml)  is  implied. 

1.  ELEMENTS 

Element 
%  identified 

Reagents  or  test  reactions 

Limit  of 
identifi¬ 
cation,  y 

Page 

Antimony 

Rhodamine  B 

0.6 

343 

Formation  of  benzidine  blue 

— 

363 

Arsenic 

Conversion  to  arsenate 

1.4 

79 

Bismuth 

Stannite 

— 

364 

Calcium 

Sodium  rhodizonate  and  alkali 

— 

366 

Carbon 

Ashing  with  molybdenum  trioxide 

— 

58 

Reduction  of  silver  arsenate 

— 

59 

Heating  with  potassium  iodate 

— 

60 

Halogens 

Conversion  to  volatile  copper  halide 

Cl:  0.5 

64 

Br:  0.25 

64 

I:  0.25 

64 

Conversion  to  silver  halide 

— 

65 

Conversion  to  alkali  fluoride 

F:  100 

67 

Conversion  to  hydrofluoric  acid 

F:  12.5 

68 

Hydrogen 

Heating  with  sodium  sulfite 

Reaction  with  fused  potassium  thiocyanate 

61 

63 

Lead 

Dithizone 

— 

345 

Volatilization 

1 

85 

Mercury 

Metals 

Oxidative  decomposition 

' 

82 

Nitrogen 

Conversion  to  ammonia 

1 

A 

72 

73 

Conversion  to  cyanide 

2 
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Element 

identified 

Limit  of 

Reagents  or  test  reactions 

identifi¬ 
cation ,y 

Page 

Oxygen 

Ferric  thiocyanate 

5 

80 

Phosphorus 

Conversion  to  phosphate 

1 

77 

Sulfur 

Conversion  to  potassium  sulfide 

0.3 

70 

Reduction  to  sulfide  in  alcohol  flame 

0.03 

71 

Conversion  to  silver  sulfide 

0.05 

71 

Tin 

Morin 

0.05 

344 

2.  CHARACTERISTIC  GROUPS 

Group 

identified 

Reagents  or  test  reactions 

Limit  of 
identifi¬ 
cation,  y 

Page 

Acetates 

Saponification  to  acetic  acid 

5 

178 

— O — COCH3 

Alcohols 

Conversion  to  xanthate 

100 

129 

—OH 

Oxidation  to  formaldehyde 

2.5 

131 

Oxidation  to  formic  acid 

Conversion  of  [Ce(N03)6]-2 

2.5 

132 

to  [Ce(OR)(NO,)J-* 

400 

132 

Aldehydes 

HCO 


Triphenylmethane  dyes  .  j 

o-Dianisidine  q  q 

Azobenzenephenylhydrazine  sulfonic  acid  0. 1 
Catalysis  of  oxidation  of  ^-phenylene- 

diamine  q  q 

Benzene  sulfohydroxamic  acid  2 

Reduction  of  silver  oxide  _ 

Fuchsin 


Aldehydes  Hydrogen  sulfide  and  sodium  penta- 

(a,  yS-unsaturat-  cyanoammine  ferroate 
ed  and  aromatic) 

>C=C— CHO 


146 

148 

152 

153 
156 
156 
156 


156 


Allyl  compounds  Phloroglucinol-hydrochloric  acid 
— CH  ==C^" 


Amides 
— CONHj 


Melting  with  fluorescein  chloride 


20 


197 


374 
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Group 

identified 


Reagents  or  test  reactions 


Limit  of 
identifi¬ 
cation,  y 

Page 

6.5 

186 

10 

192 

— 

203 

15 

205 

1 

194 

0.05 

199 

0.1 

202 

1 

203 

0.1 

203 

0.2 

203 

1 

203 

— 

203 

15 

205 

1 

186 

0.5 

189 

4 

193 

— 

203 

— 

205 

4 

194 

— 

203 

— 

203 

0.17 

203 

50 

205 

— 

203 

— 

205 

2 

194 

50 

205 

203 

50 

206 

0.4 

207 

15 

210 

5 

174 

127 

Amines 
(primary 
aliphatic) 
— NH2 


Conversion  to  dithiocarbamate 
Melting  with  fluorescein  chloride 
Furfural 

Fused  potassium  thiocyanate 


Amines  (primary 
aromatic) 
NHjAr 


Melting  with  fluorescein  chloride 
Glutaconic  anhydride 
Sodium  pentacyanoaquoferriate 
Aromatic  nitroso  compounds 
Furfural 
Chloranil 
Carbon  disulfide 
Ethyl  nitrite  and  resorcinol 
Fused  potassium  thiocyanate 

Amines  (secondary  Conversion  to  dithiocarbamate 

aliphatic)  Sodium  nitroprusside  and  acetaldehyde 

^)NH  Melting  with  fluorescein  chloride 

Furfural 

Fused  potassium  thiocyanate 
Amines  (secondary  Melting  with  fluorescein  chloride 


aromatic) 
— NH— Ar 


Amines  (tertiary 
aliphatic) 

-N< 

Amines  (tertiary 
aromatic) 
^N— Ar 

a-Amino  acids 
— CHNH2 


COOH 

Anhydrides  of 
carboxylic  acids 
— CO— O — CO- 


Furfural 

Chloranil 

Oxidation  to  quinoneimides 
Fused  potassium  thiocyanate 

Furfural 

Fused  potassium  thiocyanate 

Melting  with  fluorescein  chloride 
Fused  potassium  thiocyanate 

Furfural 

Conversion  to  aldehyde 
Ninhydrin 

Fused  potassium  thiocyanate 
Conversion  to  ferric  hydroxamates 


— N=NO — 


2 
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Group 

identified 

Reagents  or  test  reactions 

Limit  of 

identifi¬ 
cation,  y 

Page 

Carbonyl 

Bisulfite 

0.05 

140 

compounds 

—CO— 

Carboxylic  acids 

Conversion  to  ferric  hydroxamates 

11 

171 

— COOH 

1 , 2-Dicar  boxy  lie 

Melting  with  resorcinol 

2.5 

175 

acids 

(daylight) 

^C— COOH 

1 

Ci 

^C— COOH 

(U.V.  light) 

1,2-Dioxo 

Conversion  to  nickel  dioxime  salts  (for 

compounds 

aliphatics) 

0.5 

142 

—CO— CO— 

Conversion  to  oxazine  dyes  (for  aro- 

matics) 

0.25 

144 

Conversion  to  dihydropyrazines 

6 

145 

Condensation  with  thiophen 

1.5 

145 

Dithiocarbamides 

Conversion  to  cupric  salts 

1.2 

169 

/S- 

s=c 

Ends 

— cH 

Esters  of  carb¬ 
oxylic  acids 
— COOR 

Hydrazides 
— CO— NHNH, 


Hydrazines 
(aliphatic  and 
aromatic) 

)n~nh2 

Hydrazines  (aryl) 
Ar — NHNH2 

Hydrazones  (aryl) 
=NNHAr 


Bromine  and  potassium  iodide 

40 

139 

Conversion  to  ferric  hydroxamates 

2.5 

171 

Formation  of  salicylaldazine 

0.15 

216 

Condensation  with  salicylaldehyde 

0.5 

217 

^-Dimethylaminobenzaldehyde 

0.05 

219 

Sodium  pentacyanoammineferroate 

0.12 

212 

Aldehydic  azo  dyestuffs 

1 

212 

Selenious  acid  and  a-naphthylamine 

0.03 

214 

Selenious  acid  and  a-naphthylamine 

0.09 

216 

Group 

identified 


Reagents  or  test  reactions 


Limit  of 
identip  ■ 
cation,  y 


Page 


Hydrogen  Sodium  l,2-naphthaquinone-4-sulfonate 

(reactive) 

>CH2  ;  — NH2 

Hydroxamic  acids  Oxidation  of  hydroxylamine  to  nitrous 
— NHOH  acid 


Hydroxy  acids  s-Diphenylcarbazide 
OH 

— C— Cx— COOH 


o-Hydroxy- 

aldehydes 


Formation  of  aldazines 


8-Hydroxy-  Adsorption  on  magnesium  hydroxide 

quinoline  and 
Derivatives 


Ketones  (methyl-)  Sodium  nitroprusside 
CH3CO —  Conversion  to  indigo 

Nitrates  and  Diphenylamine 

Nitrites  Diphenylbenzidine 

— 0N02; 

— ONO 


Nitriles 


:n 


Melting  with  fluorescein  chloride  after 
saponification  to  amides 


Nitro  compounds 

— no2 


Reduction  to  nitroso  compounds 
Potassium  cyanide  (for  m-dinitro 
compounds) 


jjj-£]*oso  Phenol  and  sulfuric  acid 

compounds  Sodium  pentacyanoammine  ferroate 

—NO 


p-Nitroso- 

aromatic  amines 


Palladium  chloride 


C:  O.G  221 

N:  0.6 


0.2 

161 

— 

352 

0.8 

158 

0.4 

137 

2 

160 

40 

160 

0.5 

126 

0.07 

126 

— 

197 

0.25 

123 

1 

125 

0.4 

120 

0.15 

121 

0.05 

122 

N 


NO 


2 
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Limit  of 

Group 

Reagents  or  test  reactions 

identifi- 

Page 

identified 

cation,  y 

Osazones 

Selenious  acid  and  a-naphthylamine 

0.1 

216 

— C=NNHAr 

— C=NNHAr 

Oximes 

Oxidation  of  hydroxylamine  to  nitrous 

=NOH 

acid 

0.03 

161 

Oxomethylene 

Conversion  to  1,2-diketones 

2.5 

142 

compounds 
— €H2— CO— 

Peroxides 

2,7-Diaminofluorene  and  peroxidase 

— 

352 

—O—O— 

Phenols 

Nitrous  acid 

— 

132 

Ar— OH 

5-Nitroso-8-hydroxyquinoline 

1 

133 

Nitrous  acid  and  mercuric  nitrate 

0.5 

134 

Conversion  to  o-hydroxyaldehyde 

2.5 

135 

Chloranil 

— 

203 

Pyrrole  bases 

Melting  with  fluorescein  chloride  and 

— C— C— 

zinc  chloride 

12 

197 

— C  C— 

^-Dimethylaminobenzaldehyde 

0.04 

198 

\/ 

NH 

Ring  bases 

Methyl  iodide  and  sodium  1,2-naphtha- 

\N^;  \0^ 

quinone-4-sulfonate 

N:  12 

O:  25 

224 

Sulfinic  acids 

Fusion  with  alkali  to  sulfite 

6 

180 

— so2h 

Sulfonamides 

Fusion  with  alkali  to  sulfite 

180 

— so2nh2 

Sulfones 

>o, 

Fusion  with  alkali  to  sulfite 

6 

180 

Sulfonic  acids 

Fusion  with  alkali  to  sulfite 

3 

180 

— so3h 

Conversion  to  ferric  acethydroxamate 

10 

183 

Methylenedisalicylic  acid 

10 

184 

Thioketones 

">C=S 

Catalysis  of  iodine-azide  reaction 

0.003 

164 

378 
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Compound 

identified 

Reagents  or  test  reactions 

Limit  of 
identifi¬ 
cation,  y 

Page 

Thiols 

Catalysis  of  iodine-azide  reaction 

0.0003 

164 

(Mercaptans) 

Precipitation  of  cuprous  salts 

— SH 

3.  INDIVIDUAL  COMPOUNDS 

0.5 

167 

Compound 

identified 

Reagents  or  test  reactions 

Limit  of 
identifi¬ 
cation,  y 

Page 

Acetic  acid 

Lanthanum  nitrate  and  iodine 

50 

247 

Formation  of  indigo 

Sodium  nitroprusside  and  piperidine, 

60 

248 

after  conversion  to  acetaldehyde 

10 

249 

Ferric  chloride 

10 

249 

Acetone 

Guiacoldialdehyde 

0.2 

282 

Acetylene 

Formation  of  cuprous  acetylide 

1 

235 

Protective  layer  effect  on  silver  chromate  1 

236 

Aminophylline 

Sodium  rhodizonate 

— 

360 

Ascorbic  acid 

Reduction  of  manganese  dioxide 

0.03 

305 

(in  0.004  ml) 

Reduction  of  ammonium  phospho- 

molybdate 

0.1 

(in  0.01  ml) 

305 

Precipitation  of  cuprous  ferrocyanide 

0.5 

306 

Chloranil 

0.5 

307 

Ferric  ferricyanide 

3 

308 

p-Dimethylaminobenzylidenerhodanine, 
copper  sulfate  and  sodium  pyro¬ 
phosphate 

Potassium  thiocyanate,  copper  sulfate  and 
sodium  pyrophosphate 
Benzidine  and  PbOa  or  1 1203 
Ninhydrin  10 

Triphenyltetrazolium  chloride  0.2 


0.05 

2 


308 

308 

308 
308 

309 


3 


INDIVIDUAL  COMPOUNDS 
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Limit  of 

Compound 

Reagents  or  test  reactions 

identifi- 

Page 

identified 

cation,  y 

Carbohydrates 

Triphenyltetrazolium  chloride  (for 
reducing  sugars) 

Reduction  of  silver  oxide  (for  reducing 

0.2 

285 

286 

sugars) 

0.1 

Various  reagents  (for  reducing  sugars) 

0.1 

287 

(in  0.04  ml)  Table  35 

Stannous  chloride,  sulfuric  acid  and  urea 

(for  ketohexoses) 

8 

287 

Hydrolysis  to  furfural 

2.5 

288 

Carbolic  acid 

Conversion  to  salicylaldehyde 

50 

273 

Carbon  disulfide 

Catalysis  of  iodine-azide  reaction 

0.14 

301 

Formaldehyde  and  plumbite 

3.5 

303 

Carbon  monoxide 

Phosphomolybdic  acid  and  palladium 

chloride 

5 

238 

Catalase 

Hydrogen  peroxide  and  titanium  salts 

— 

321 

Hydrogen  peroxide  and  lead  sulfide 

— 

321 

Chloral 

Conversion  to  isatin-/?-imine 

2.5 

243 

Chloranil 

Oxidation  of  tetrabase 

0.25 

321 

Chloroform 

Conversion  to  alkali  cyanide 

16 

242 

Citric  acid 

Conversion  to  ammonium  citrazinate 

1 

261 

Fusion  with  urea 

2 

263 

Cupferron 

Gallium  chloride  and  morin 

0.125 

311 

Emulsin 

Liberation  of  prussic  acid  from 

amygdalin 

— 

320 

Enzymes 

See  Catalase,  Emulsin,  Lipases, 
Peroxidase,  Urease,  and  Zymase 

Epihydrin- 

Phloroglucinol 

353 

aldehyde 

Ethylenediamine 

Sodium  rhodizonate 

0.3 

289 

Ethylenediamine- 

Masking  the  formation  of  nickel 

tetraacetic  acid 

dimethylglyoxime 

Prevention  of  the  formation  of  zinc 

1.7 

265 

8-hydroxyquinoline 

8 

266 

380 
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Compound 

identified 

.  Reagents  or  test  reactions 

Limit  of 
identifi¬ 
cation,  y 

Page 

Euphylline 

Sodium  rhodizonate 

— 

360 

Formaldehyde 

Chromotropic  acid 

0.14 

240 

* 

Carbazole 

5 

241 

Formic  acid 

Conversion  to  formaldehyde 

1.4 

245 

Mercuric  chloride 

5 

246 

Furfural 

Condensation  with  aniline 

0.05 

316 

Glyceric  acid 

Naphthoresorcinol  and  sulfuric  acid 

10 

251 

Glycerol 

Conversion  to  acrolein 

5 

283 

Formation  of  8-hydroxyquinoline 

0.5 

284 

Catalysis  of  decomposition  of  oxalic  acid 

5 

285 

Glycolic  acid 

2,7-Dihydroxynaphthalene  and  sulfuric 

0.2 

249 

acid 

Glyoxalic  acid 

Pyrogallolcarboxylic  acid  and  sulfuric 

acid 

1 

253 

Conversion  to  glycolic  acid 

0.5 

254 

Phenylhydrazine  and  oxidizing  agents 

1 

255 

Guiacol  carbonate 

Phenylhydrazine,  ammonia  and  nickel 

50 

361 

sulfate 

Hydrogen  cyanide 

Demasking  of  dimethylglyoxime 

— 

338 

Hydroquinol 

o-Phthalaldehyde 

7 

278 

Phloroglucinol 

0.5 

279 

Hydroxyflavanols 

See  Morin 

Hydroxy- 

p-Phthalaldehyde 

5 

280 

hydroquinol 

8-Hydroxy- 

Adsorption  on  alumina  or  magnesia 

0.25 

274 

quinoline 

Isonicotinic  acid 

Salicylaldehyde 

0.1 

356 

hydrazide 

Phosphomolybdic  acid 

0.5 

357 

Lactic  acid 

^-Hydroxydiphenyl  and  sulfuric  acid 

1.5 

250 

o-Hydroxydiphenyl  and  sulfuric  acid 

1 

251 

Lipases 

Conversion  of  carboxylic  acid  to  ferric 

3°0 

hydroxamate 

3 

INDIVIDUAL  COMPOUNDS 

381 

Compound 

identified 

Reagents  or  test  reactions 

Limit  of 

identip- 
cation,  y 

Page 

Malic  acid 

/S-Naphthol  and  sulfuric  acid 

10 

259 

Methyl  alcohol 

Conversion  to  formaldehyde 

3.5 

244 

Morin 

Formation  of  metal  compounds 

0.005 

309 

Neocupferron 

Gallium  chloride  and  morin 

0.05 

311 

Oxalic  acid 

Conversion  to  glycolic  acid 

1 

256 

Conversion  to  glyoxalic  acid 

1 

256 

Formation  of  aniline  blue 

5 

257 

Penicillin  G  salts 

Phosphomolybdic  acid 

4 

358 

Pentachlorophenoi 

1  Conversion  to  chloranil 

2.5 

323 

Peroxidase 

Catalysis  of  the  oxidation  of  benzidine 

by  hydrogen  peroxide 

— 

321 

^-Phenylene- 

Conversion  to  phenylene  blue 

0.5 

296 

diamine 

Phenylhydrazine 

Conversion  to  dithizone 

5 

290 

Phloroglucinol 

2-Hydroxy-5-methoxybenzaldehyde 

1 

280 

Phosgene 

Conversion  to  diphenylcarbohydrazide 

0.5 

297 

isoPropyl  alcohol 

Conversion  to  acetone 

3 

282 

Propylenediamine 

Sodium  rhodizonate 

— 

290 

Proteins 

Tetrabromophenolphthalein  ethyl  ester 

0.35 

293 

Fission  to  amino  and  imino  compounds 

1 

294 

Pyridine 

Conversion  to  glutaconic  aldehyde 

5 

295 

Pyrocatechol 

Metaldehyde 

4 

276 

Phloroglucinol 

0.5 

277 

Pyrogallol 

Phloroglucinol 

1 

281 

Pyruvic  acid 

o-Hydroxydiphenyl  and  sulfuric  acid 

after  reduction  to  lactic  acid 

3 

252 

Resorcinol 

Pyrocatechol  and  alkali  hydroxide 

1 

277 

Saccharin 

Rhodamine 

Resorcinol 

349 

Nessler  test,  after  saponification. 

5 

349 

349 

382 
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Compound 

identified 

Reagents  or  test  reactions 

Limit  of 
identifi¬ 
cation,  y 

Page 

Salicyl  alcohol 

Conversion  to  salicylaldehyde 

25 

270 

and  Salicin 

Salicylaldehyde 

Conversion  to  alkali  phenolate 

0.5 

268 

Conversion  to  salicylaldazine 

1 

269 

Salicylic  acid 

Conversion  to  alkali  salicylates 

5 

266 

and  esters 

Streptomycin 

Ferric  ammonium  sulfate 

— 

360 

Sulfosalicylic  acid 

Methylenedisalicylic  acid 

10 

271 

Conversion  to  salicylic  acid 

1.5 

272 

Tartaric  acid 

Gallic  acid  and  sulfuric  acid 

2 

260 

(i,  /TDinaphthol  and  sulfuric  acid 

10 

261 

Thiophen 

Condensation  with  isatin 

1.5 

313 

Condensation  with  benzil 

5 

314 

Condensation  with  ninhydrin 

0.2 

315 

Tyrosine 

a-Nitroso-/?-naphthol 

0.05 

292 

Urea 

Deamination 

10 

298 

Conversion  to  diphenylcarbohydrazide 

10 

299 

Enzymatic  hydrolysis  to  ammonia 

1 

300 

Urease 

Liberation  of  ammonia 

— 

318 

Zymase 

Splitting  of  biuret  and  urea 

Fermentation  of  sugar  to  alcohol  and 

319 

carbon  dioxide 

— 

320 
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A 

Acetaldehyde  ammonia,  detection  of,  155 
color  reaction  with  carbazole,  242 
detection  of,  141,  148,  149,  152,  154,  161 
reaction  with  2,7-dihydroxynaphtha- 
lene,  249 

with  p-hydroxydiphenyl,  250 
with  sodium  nitroprusside  and  se¬ 
condary  aliphatic  amines,  189 
with  sulfohydroxamic  acids,  183 
Acetamide,  detection  of,  197 
saponification  of,  179 

m-Acetamidobenzotrifluoride,  detection  of  . 
fluorine  in,  69 

Acetanilide,  detection  of,  196 
of  hydrogen  in,  62 
saponification  of,  179 
Acetates,  saponification  test  for,  178 
summary  of  tests,  373 
Acethydroxamic  acid,  formation  of,  183 
reaction  with  ferric  chloride,  183 
Acetic  anhydride,  decomposition  of  formic 
and  acetic  acids  by,  254 
detection  of,  174 

Acetic  acid,  anhydrous,  formation  of,  178 
detection  of,  i  78,  179,  247,  249 
in  presence  of  formic  acid,  248 
of  mineral  acids,  248 
in  test  for  volatile  acids,  96 
interference  in  saponification  test  for 
acetates,  179 

lanthanum  nitrate  and  iodine  test  for 
247 

nitroprusside  and  piperidine  test  for 
249 

reaction  with  potassium  iodide-iodate 
178 

summary  of  tests,  378 
test  for,  by  formation  of  ferric  acetate 
249 

by  formation  of  indigo,  248 
Acetic  esters,  hydrolysis  of,  178 
Acetindoxyl,  detection  of,  198 
Acetoacetic  ester,  detection  of,  140,  160, 
161 


Aceto-(2-chloromercuryethyl)mesidide, 
detection  of  mercury  ifi>^7 
Acetofluoroglucose,  detection  of  fluorine 
in,  68 

Acetoin,  detection  of,  143 
Acetone,  conversion  to,  as  test  for  iso- 
propylalcohol,  282 

detection  of,  141,  143,  152,  160,  161,  282 
guiacoldialdehyde  test  for,  282 
reaction  with  o-nitrobenzaldehyde,  160, 
248 

reduction  of  potassium  iodate  by,  334 
summary  of  tests,  378 
Acetonedicarboxylic  acid,  detection  of, 
160 

Acetone  oxime,  detection  of,  163 
Acetophenone,  color  reaction  with  guia¬ 
coldialdehyde,  282 
detection  of,  141,  152,  160,  161 
Acetoxymercuryethylacetate,  detection  of 
mercury  in,  87 

Aceturic  acid,  see  Acetylglycine 
Aceturic  ethyl  ester,  detection  of,  194 
Acetylacetone,  detection  of,  160,  161 
Acetyl  cellulose,  detection  of  acetyl  group 
in,  180 

reaction  with  phosphoric  acid  and  ani¬ 
line  acetate,  289 

saponification  of,  for  aniline  acetate 
test,  355 

Acetylene,  detection  of,  236,  238 
reaction  with  cuprous  salts,  235 
with  mercury  chromate,  237 
with  silver  arsenate,  237 
with  silver  chromate,  236 
summary  of  tests,  378 
test  for,  by  formation  of  cuprous  ace- 
tylide,  235 

by  protective  layer  effect,  236 
Acetylglycine,  detection  of,  211 
saponification  of,  179 
Acetylmethylurea,  detection  of,  300 

Acetylphenol,  detection  of  acetyl  grout) 
in,  180  jo  ¥ 

Acetylsalicylic  acid  (Aspirin),  detection 
of,  137,  267 
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Acid  chlorides,  reaction  with  hydroxyl- 
amine,  171 

Acid  dyes,  distinction  from  basic  dyes 
339 

Acids,  interference  in  ferric  thiocyanate 
test  for  oxygen,  81 
Acidic  behavior,  tests  for,  88 
Acidic  compounds,  demasking  of  nickel  in 
complex  biuret  anions  by,  331 
in  organic  materials,  detection  by  alkali 
nickel  biuret,  330 
test  with  iodide-iodate  mixture,  93 
Aconitic  acid,  test  for,  by  formation  of 
ammonium  citrazinate,  262 
Acrolein,  color  reaction  with  pyrogallol- 
carboxylic  acid,  253 
conversion  to,  as  test  for  glycerol,  283, 
348 

detection  of,  149,  152,  154,  283,  348 
reaction  with  o-aminophenol,  284 
Acyloins,  interference  in  oxidation  test  for 
oxomethylene  compounds,  144 
oxidation  of,  144 

Adeps  lanae,  testing  for  admixture  of  fat, 
348 

Admixtures  in  organic  substances,  tests 
for,  347 

Adrenaline,  color  reaction  of  tyrosine  in 
presence  of,  292 
Adrenalone,  detection  of,  190 
Adsorption,  2 

effects,  as  direct  tests,  17 
fluorescence,  16 

Adsorptive  separations  as  preliminary 
test,  49 

Adulteration  of  foods,  drugs,  and  cos¬ 
metics,  detection  of,  347 
Agar-agar,  detection  of,  289 
Agate  mortars,  27 

Airbath  from  nickel  crucible,  29  (Fig.  10) 
Alanine,  detection  of,  207 
of  hydrogen  in,  62 
D-Alanine,  detection  of,  209 
/S- Alanine,  detection  of,  210 
Albumin,  in  presence  of  carbohydrates, 
detection  of,  294 

Alcohol,  denatured,  detection  of  pyridine 
in,  348 

Alcohols,  detection  of,  by  selective  re¬ 
duction  of  iodic  acid,  102 
Alcohols,  polyhydric,  periodic  acid  test 
for.  130 

Alcohols,  primary  and  secondary,  reaction 
with  carbon  disulfide,  129 

test  for,  by  conversion  to  xanthates, 
129 


primary,  secondary,  and  tertiary,  ceri¬ 
um  double  nitrate  test  for,  132 
summary  of  tests,  373 

Aldazines,  behavior  with  dilute  acids,  158 
fluorescence  of,  15 
formation  of,  16,  136 

as  test  for  o-hydroxyaldehydes, 

158 

Aldehydes,  azobenzenephenylhydrazine 
sulfonic  acid  test  for,  152 
bisulfite  test  for,  140 
color  reaction  of  tyrosine  in  presence  of, 
292 

condensation  with  hydrazides,  217 
w’ith  primary  amines,  see  Schiff’s 
bases 

detection  of,  by  selective  reduction  of 
iodic  acid,  102 
o-dianisidine  test  for,  148 
differentiation  from  ketones,  156 
distinction  between  aliphatic  and  aro¬ 
matic,  152 
fuchsin  test  for,  156 
interference  in  dithiocarbamate  test  for 
ethylenediamine,  189 
reaction  with  benzenesulfohydroxamic 
acids,  156 

with  fuchsin,  147,  207 
with  malachite  green,  147 
summary  of  tests,  373 
test  for  a-amino  acids  by  conversion  to, 
206 

by  catalysis  of  the  oxidation  of  p 
phenylenediamine,  153 
by  formation  of  alkylhydroxamic 
acids,  156 

by  reducing  silver  oxide,  156 
triphenylmethane  dyes  test  for,  146 

Aldehydes,  aromatic,  color  reaction  with 
carbazole,  242 

with  pyrogallolcarboxylic  acid,  253 
reaction  with  hydrazine,  136 
test  for,  with  hydrogen  sulfide  and 
sodium  pentacyanoammine  fer- 
roate,  156 

Aldehydes,  higher,  color  reactions  with 
/>-hydroxydiphenyl,  251 
fluorescence  test  with  o-hydroxydi- 
phenyl,  251 

Aldehydes,  a,  /9-unsaturated,  test  for,  with 
hydrogen  sulfide  and  sodium  penta¬ 
cyanoammine  ferroate,  156 

Aldehyde  ammonia,  catalysis  of  the  oxida¬ 
tion  of  /^-phenylenediamine  by, 

153 

Aldehyde  bisulfite,  catalysis  of  the  oxida- 
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tion  of  p-phenylenediamine  by,  153 
formation  of,  140,  304 
Aldohexoses,  stannous  chloride  and  urea 
tests  for,  287 

Aldol,  color  reaction  with  ^-hydroxydi- 
phenyl,  251 

fluorescence  test  with  o-hydroxydi- 
phenyl,  251 

Aldoses,  detection  of  free  aldehyde  groups 
in,  147 

Aldoximes  (see  a/soOximes),behaviorwith 
periodic  acid,  101 

Alicyclic  compounds,  interference  in  o-ani- 
sidine  test  for  aldehydes,  148 
reaction  with  o-anisidine,  148 
Aliphatic  compounds,  behavior  in  com¬ 
bustion  test,  52 

Alizarin,  reaction  with  8-hydroxyquino- 
line,  110 

with  zirconium  salts,  67 
Alizarin  blue,  formation  of,  110 
oxidative  decomposition  of,  84 
solubility  behavior  of,  111 
Alizarin  S,  oxidative  decomposition  of,  84 
Alkali  acetate,  detection  of  ammonium 
phosphomolybdate  by,  in  lime  test 
for  phosphorus,  77 

,  reaction  with  lanthanum  nitrate  and 
iodine,  247 

Alkali  alkyl  xanthates,  formation  of,  test 
for  primary  and  secondary  alcohols,  129 
Alkali  arsenite,  interference  in  molybde¬ 
num  trioxide  test  for  carbon,  58 
Alkali  carbonate,  ignition  test  for,  54 
Alkali  cyanide,  interference  in  cuprous 
salts  test  for  acetylene,  236 
in  potassium  iodate  test  for  carbon,  60 
test  for  chloroform  by  conversion  to 
242 

Alkali  fluoride  test  for  fluorine,  67 
Alkali  formates,  reaction  with  mercuric 
chloride,  246 

Alkali  hydroxide,  reaction  with  carbon 
disulfide,  303 

with  chloroform  and  ammonia,  242 
with  hydrazides,  216 

Alkali  iodides,  addition  compounds  with 
sulfurous  acid,  363 

Alkali  metals,  fusion  with,  as  test  for 
nitrogen,  73 
for  sulfur,  70 

Alkali  palladium  dimethylglyoxime,  de- 
masking  of,  338 
test  for  hydrocyanic  acid,  338 
Alkali  phenolate,  conversion  to,  as  test  for 
salicylaldehyde,  268 


reaction  with  chloroform,  135 
Alkali  propionates,  reaction  with  lantha¬ 
num  nitrate  and  iodine,  247 
Alkali  salicylates,  conversion  into,  as 
test  for  salicylic  acid,  266 
Alkali  salts,  interference  in  hydrochloric 
acid  test  for  basic  compounds,  92 
Alkali  sulfide,  formation  from  thiophenols, 
thioalcohols,  thioethers,  disulfides,  and 
thioketones,  181 

Alkali  sulfite,  formation  from  sulfonic 
acids,  sulfinic  acids,  sulfonamides, 
and  sulfones,  180 
heating  of  sample  with,  57 
interference  in  molybdenum  trioxide 
test  for  carbon,  58 

Alkaline  earth  oxides,  ignition  test  for, 
54 

Alkaloids,  interference  in  tetrabromo- 
phenolphthalein  ethyl  ester  test  for  pro¬ 
teins,  293 

Alkyl  bromides,  reaction  with  silver  ni¬ 
trate,  66 

Alkyl  cyanide,  interference  in  test  for 
acetylene,  236 

Alkyl  hydrazine,  behavior  with  periodic 
acid,  101 

Alkyl  hydroxamic  acids,  formation  of,  as 
test  for  aldehydes,  156 
Alkyl  iodides,  reaction  with  silver  nitrate, 
67 

Allithiamine,  detection  of,  228 
Allyl  alcohol,  detection  of,  130,  228 
Allylamine,  detection  of,  228 
4-Allylantipyrine,  detection  of,  228 
Allyl  chloride,  detection  of,  228 
Allyl  compounds,  phloroglucinol  test  for, 
226 

summary  of  tests,  373 
Allyl  isothiocyanate,  detection  of,  166 

2-Allylmercapto-6-(p-acetaminobenzal)- 
aminobenzothiazole,  detection  of,  227 
2-Allylmercapto-6-(o,p-dihydroxybe’nzal)- 
aminobenzothiazole,  detection  of,  227 
2-Allylmercapto-6-(o-hydroxybenzal)- 
aminobenzothiazole,  detection  of,  227 

2-Allylmercapto-6-(3',4'-methylene-dio- 
xybenzal)-aminobenzothiazole,  detec¬ 
tion  of,  227 

2-Allylmercapto-6-(isovaleryl)-amino 
benzothiazole,  detection  of,  227 
Allyl  mustard  oil,  see  Allyl  isothiocyanate 
Allylurea,  detection  of,  300 
Alumina,  adsorption  on,  as  test  for  8-hv- 
droxyquinoline,  274 
ignition  test  for,  54 
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reaction  with  8-hydroxyquinoline  274 
332 

Aluminum,  detection  in  paper,  332 
Aluminum  oxide,  see  Alumina 
Aluminum  oxinate,  detection  of  carbon  in 

61 

Amides,  carboxylic,  fusion  with  alkali,  181 
interference  in  hydrochloric  acid  test  for 
basic  compounds,  92 
reaction  with  fluorescein  chloride,  197 
summary  of  tests,  373 
Amines,  aliphatic,  differentiation  from 
aromatic,  195 

interference  in  hydrolysis  test  for 
urea,  301 

reaction  with  ^-dimethylaminobenz- 
aldehyde,  203 

Amines,  aromatic,  condensation  with  p- 
dimethylaminobenzaldehyde,  220 
detection  of  hydrazides  in  presence  of 
salts  of,  220 

differentiation  from  aliphatic,  195 
reaction  with  carbon  disulfide,  187 
with  fluorescein  chloride,  194 
Amines,  free,  detection  of  amino  acids  in 
presence  of,  211 

interference  in  palladium  chloride  test 
for  p-nitroso-aromatic  amines,  122 
melting  with  fluorescein  chloride,  340 
oxidizable,  interference  in  phospho- 
molybdic  acid  test  for  isonicotinic 
acid  hydrazide,  358 

Amines,  primary,  carbon  disulfide  test  for, 
203 

condensation  with  aldehydes,  see 
Schiff’s  bases 

fluorescein  chloride  test  for,  192 
Amines,  primary  aliphatic  and  aromatic, 
reaction  with  />-dimethylaminobenzal- 
dehyde,  199 

Amines,  primary  aliphatic,  differentiation 
from  secondary  aliphatic,  193 
reaction  with  fluorescein  chloride,  192 
summary  of  tests,  374 
Amines,  primary  aromatic,  ethyl  nitrite 
and  resorcinol  test  for,  203 
glutaconic  aldehyde  test  for,  199 
pentacyanoaquoferriate  test  for,  202 
reaction  with  glutaconic  aldehyde, 
199 

reaction  with  nitrosodimethylaniline, 

203 

with  5-nitroso-8-hydroxyquinohne, 

203 

with  4-pyridylpyridinium  chloride, 
200 


with  sodium  glutaconic  aldehyde 
enolate,  200 

with  sodium  pentacyanoaquoferri¬ 
ate,  202 

summary  of  tests,  374 
test  for,  by  condensation  with  aro¬ 
matic  nitroso  compounds,  203 
by  condensation  with  chloranil,  203 
by  condensation  with  p-dimethyl- 
aminobenzaldehyde,  203 
by  condensation  with  furfural,  203 

Amines,  primary  and  secondary,  reaction 
with  carbon  disulfide,  169 

Amines,  primary  and  secondary  aliphatic, 
detection  by  formation  of  copper  dithio- 
carbamates,  187 

detection  in  presence  of  aromatic 
amines,  187 

reaction  with  carbon  disulfide,  186 
with  ninhydrin,  208 
test  for,  by  conversion  to  dithiocar- 
bamate,  186 

Amines,  secondary,  fluorescein  chloride 
test  for,  193 

Amines,  secondary  aliphatic,  detection  in 
ethylenediamine,  191 
differentiation  from  primary  ali¬ 
phatic,  193 

nitroprusside  test  for,  189 
reaction  with  fluorescein  chloride,  193 
with  sodium  nitroprusside  and 
acetaldehyde,  189 
summary  of  tests,  374 

Amines,  secondary  aliphatic-aromatic, 
color  reaction  with  nitric  acid,  204 

Amines,  secondary  aromatic,  differentia¬ 
tion  from  their  sulfonic  and  carb¬ 
oxylic  acids,  204 
nitric  acid  test  for,  203 
reaction  with  />-dimethylamino- 
benzaldehyde,  203 
summary  of  tests,  374 
test  for,  by  condensation  with  chlor¬ 
anil,  203 

by  oxidation  to  quinone-imides, 

203 

Amines,  tertiary,  fluorescein  chloride  test 
for,  191 

Amines,  tertiary  aliphatic,  summary  of 
tests,  374 

Amines,  tertiary  aromatic,  summary  of 
tests,  374 

Aminoacetic  acid,  see  Glycine 

Amino  acids,  detection  of,  in  presence  of 
free  amines,  211 

differentiation  from  ascorbic  acid,  208 
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reaction  with  p-dimethylaminobenzal- 
dehyde,  203 

with  hypochlorites  or  hypobromites, 
206 

sulfur-bearing,  identification  by  iodine- 
azide  reaction,  330 

a-Amino  acids,  ninhydrin  test  for,  207 
reaction  with  ninhydrin,  207 
summary  of  tests,  374 
test  for,  by  conversion  to  aldehyde,  206 
thiocyanate  test  for,  210 
/?-Amino  acids,  reaction  with  ninhydrin, 
208 

/J-Aminoanthraquinone,  detection  of,  195 
o-Aminobenzaldehyde,  detection  of,  195 
p-Aminobenzaldehyde,  diazotized,  re¬ 
action  with  crocein  acid,  212 
/>-Aminobenzenesulfonamide  (Prontosil 
album)  detection  of,  211 
/>-Aminobenzenesulfonic  acid,  see  Sulf- 
anilic  acid 

o-Aminobenzoic  acid,  see  Anthranilic  acid 

2-Amino-5-dimethylaminophenol,  re¬ 
action  with  aromatic  1,  2-diketones,  144 
with  phenanthraquinone,  144 
p-Aminodiphenyl,  detection  of,  201 
a-Aminoisocaproic  acid,  see  Leucine 

2- Amino-4-methylthiobutanoic  acid,  see 
Methionine 

<x-Amino-)3-methylvalerianic  acid,  see 
Isoleucine 

l-Amino-2-naphthol-4-sulfonic  acid,  de¬ 
tection  of,  211 

l-Amino-8-naphthol-3,6-disulfonic  acid 
( see  also  H-acid),  detection  of  ni¬ 
trogen  in,  73 

of  nitrogen  and  sulfur  in,  77 
of  sulfur  in,  71 

l-Amino-8-naphthol-4,6-disulfonic  acid, 
see  K-acid 

w-Aminophenol,  melting  with  o-dicarb- 
oxylic  anhydrides,  340 
o-Aminophenol,  reaction  with  acrolein,  284 
Aminophenols,  interference  in  palladium 
chloride  test  for  p-nitroso-aromatic 
amines,  122 

3- Amino-4-phenyl-5-thiotriazole,  detec¬ 
tion  of,  166 

a-Amino-^-phenylpropionic  acid,  see 
Phenylalanine 

Aminophylline,  detection  of,  360 

differentiation  from  theophylline-cal¬ 
cium  salicylate,  361 
summary  of  tests,  378 

4- Aminopyridine,  formation  from  pyri¬ 
dine,  295 


a-Aminopyridine,  detection  of,  201 
^-Aminosalicylic  acid,  detection  of,  211 
Aminosuccinic  acid,  see  Aspartic  acid 
Aminotetrazole,  detection  of,  201 
Ammonia,  color  test  for  metal  phosphates, 
56 

detection  in  lime  test  for  nitrogen,  72 
enzymatic  hydrolysis  to,  as  test  for 
urea,  300 

fixing  of,  detection  of  organic  acids 
through,  96,  339 
formation  from  urea,  298,  340 
interference  in  biuret  test  for  urease, 
320 

liberation  of,  as  test  for  urease,  318 
reaction  with  chloroform  and  alkali 
hydroxide,  242 

with  molybdenum  trioxide,  58 
Ammonium  acetate,  decomposition  by 
heating,  350 

Ammonium  />-aminophenyldithiocar ha¬ 
mate,  detection  of,  170 
Ammonium  citrazinate,  conversion  into, 
as  test  for  citric  acid,  261 
Ammonium  cyanate,  equilibrium  with 
urea,  300 
hydrolysis  of,  300 

Ammonium  dithiocarbamate,  detection 
of,  170 

Ammonium  molybdate,  color  test  for 
metal  phosphates,  56 

Ammonium  molybdate  and  benzidine  test 
for  phosphoric  acid,  77,  350 
Ammonium  phenyldithiocarbamate,  de¬ 
tection  of,  170 

Ammonium  phosphomolybdate,  reaction 
with  uric  acid  and  ureates,  306 
reduction  of,  as  test  for  ascorbic  acid, 
305 

Ammonium  salts,  in  explosives,  detection 
of,  354 

interference  in  ammonia  test  for  organic 
acids,  96 

in  deamination  test  for  urea,  298 
in  equilibrium  solution  test  for  vola¬ 
tile  bases,  98 

in  hydrochloric  acid  test  for  basic 
compounds,  92 

in  hydrolysis  test  for  urea,  301 
in  molybdenum  trioxide  test  for 
carbon,  58 

in  Nessler  test  for  saccharin,  349 
in  potassium  iodate  test  for  carbon, 
60 

of  organic  acids,  behavior  on  heating 
96,  339 
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reaction  with  potassium  thiocyanate 
205 

Ammonium  thiocyanate,  behavior  on 
heating,  205 

rearrangement  to  thiourea,  205 
Amorphous  ingredients,  distinction  from 
crystalline  ingredients,  50 
Amphoteric  compounds,  basic  behavior 
of,  92 

Amygdalin,  splitting  of,  as  test  for  emul- 
sin,  320 

Amyl  acetate,  detection  of  acetyl  group 
in,  180 

iso  Amyl  alcohol,  detection  of,  130 
Anhydrides,  carboxylic,  summary  of  tests, 
374 

test  for,  by  conversion  to  ferric  hy- 
droxamates,  174 

dicarboxylic,  reaction  with  resorcinol, 
175 

Aniline,  detection  of,  98,  109,  195,  201, 
206,  223 

reaction  with  mercuric  nitrate  and  ni¬ 
trous  acid,  134 

with  sodium  pentacyanoaquoferriate, 
202 

Aniline  acetate  test  for  carbohydrates,  289 
for  cellulose  and  derivatives,  355 
Aniline  blue,  formation  of,  as  test  for 
oxalic  acid,  257 
for  oxalic  acid  in  leather,  347 
synthesis  of,  258 

Aniline  derivatives,  detection  of,  by 
selective  reduction  of  iodic  acid,  102 
Animal  fibers,  differentiation  from  nylon, 
346 

from  vegetable  fibers,  346 
Anisaldehyde,  detection  of,  141,  148,  150, 
152,  155,  157 

reaction  with  2,7-dihydroxynahpthale- 
ne,  249 

Anisaldehyde  bisulfite,  detection  of,  155 
o-Anisidine,  reaction  with  alicyclic  com¬ 
pounds,  148 

Anisole,  color  reaction  in  formalin  test, 
107 

Anthracene,  color  reaction  in  formalin 
test,  107 
detection  of,  106 
heating  with  sodium  sulfite,  62 
Anthranilic  acid  (o-Aminobenzoic  acid), 
detection  of,  172,  211 
reaction  with  potassium  thiocyanate, 
210 

Anthraquinone-6-sulfonic  acid,  detection 

of,  186 


Antiknock  agents  in  motor  fuels,  detec¬ 
tion  of,  344 

Antimonyv  chloride-rhodamine  B,  oxida¬ 
tive  decomposition  of,  84 
Antimony  compounds,  interference  in 
lime  test  for  arsenic,  79 
reaction  with  lime,  79 
tanning  of  leather  by,  343 
Antimony  in  leather  and  textiles,  test  for, 
343  ' 

in  organic  compounds,  summary  of 
tests,  372 

test  by  ignition,  363 
in  pharmaceutical  preparations,  detec¬ 
tion  of,  362 

Antimony  ions,  reaction  with  rhodamine 
dyes,  341 

Antimony  mordants  in  fabrics,  detection 
of,  343' 

Antimony  oxide,  color  test  with  diphenyl- 
benzidine,  56 

diphenylbenzidine  test  for,  363 
Antimony v  pyrogallate,  oxidative  decom¬ 
position  of,  84 

Antimony  sodium  thioglycollate,  detec¬ 
tion  of  antimony  in,  362 
Antimony  sulfide  paper,  44 
Antimony  thioglycollamide,  detection  of 
antimony  in,  362 

Antioxidants  in  hydrocarbons,  detection 
of,  344 

Apparatus,  special,  for  stocking  of  versa¬ 
tile  spot  test  laboratory,  24 
Arabinose,  color  reaction  with  chromo¬ 
tropic  acid,  241,  245 
detection  of,  131,  132,  289 
Arbutin,  color  reaction  with  o-phthal- 
aldehyde,  278 
Arginine,  detection  of,  209 
D-Arginine,  detection  of,  207 
Arginylglycine,  detection  of,  188 
Aromatic  compounds,  behavior  in  com¬ 
bustion  test,  52 

Arrowroot  starch,  detection  of,  289 
Arsanilate,  bismuth,  detection  of  bismuth 
in,  363 

Arsenates,  of  bivalent  metals,  ignition  test 
for,  54 

Arsenic,  lime  test  for,  79 

in  organic  compounds,  summary  oi 

tests,  372 

Arylhydrazines,  test  for,  with  selenious 
acid  and  a-naphthylamine,  214 
Arylhydrazones,  test  for,  with  selenious 
acid  and  a-naphthylamine,  216 
Asaprol.sce  Naphthol  monosulfate,  calcium 
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Ascorbic  acid  (Vitamin  C),  autoxidation 
of,  308 

chloranil  test  for,  307 
detection  of,  102,  305-309 

in  presence  of  citric  acid,  305,  306 
in  urine,  306 

differentiation  from  amino  acids,  208 
/>-dimethylaminobenzylidenerhodanine 
test  for,  308 

ferric  ferricyanide  test  for,  308 
ninhydrin  test  for,  208,  308 
oxidation  by  chloranil,  307 
to  dehydroascorbic  acid,  304 
potassium  thiocyanate  test  for,  308 
precipitation  of  cuprous  ferrocyanide  as 
test  for,  306 

reaction  with  cysteine,  glutathione,  and 
pyrogallol,  308 
with  ninhydrin,  208,  308 
with  triphenyltetrazolium  chloride, 
286 

reduction  of  ammoniacal  cupric  solu¬ 
tions  by,  307 

of  ammonium  phosphomolybdate  as 
test  for,  305 

of  manganese  dioxide  as  test  for,  305 
of  phosphomolybdic  acid  by,  306 
summary  of  tests,  378 
triphenyltetrazolium  test  for,  309 
Ashes,  detection  of  organic  material  in, 
333 

Asparagine,  detection  of,  178 
L-Asparagine,  detection  of,  207 
L-Asparaginic  acid,  detection  of,  207 
Aspartic  acid  (Aminosuccinic  acid),  de¬ 
tection  of,  211 

Aspirin,  see  Acetylsalicylic  acid 
Atomizer  head  for  spraying  reagents,  45 
(Fig.  32) 

Azides  in  explosives,  detection  of,  354 
Azidodithiocarbonic  acid,  sodium  salt  of, 
formation  and  reaction  with  iodine  309 
335 

Azobenzene,  detection  of  nitrogen  in,  75 
Azobenzenephenylhydrazine  sulfonic  acid, 
reaction  with  ketones,  152 
test  for  aldehydes,  152 
Azobenzenephenylhydrazones,  formation 
of,  152 

Azo  dyestuffs,  aldehydic,  test  for  hydra¬ 
zines,  212 

formation  of,  212,  214 

Azoxybenzene,  behavior  with  sulfuric 
acid,  128 

Azoxy  compounds,  aromatic,  reaction 
with  sulfuric  acid,  127 


summary  of  tests,  374 
test  for,  by  conversion  to  hydroxydiazo 
compounds,  127 

B 

Balsam  tolu,  behavior  in  hydroxamic  acid 
test  for  esters,  346 
Bandrowski’s  base,  153 
Barbituric  acid,  detection  of  hydrogen  in, 
62 

Barium  carbonate,  color  test  with  sodium 
rhodizonate,  56 

Barium  rhodizonate,  detection  of  carbon 
in,  61 

Barium  salts,  behavior  in  rhodizonate 
test,  366 

Barium  sulfate,  test  for  purity,  366 
Barnes  dropping  bottle,  25  (Fig.  3) 

Bases,  aliphatic,  interference  in  test  for 
alcohols,  132 
volatile,  detection  of,  97 
Basic  behavior,  tests  for,  88 
Basic  compounds,  fixing  of  hydrogen 
chloride  as  test  for,  92 
in  organic  materials,  detection  by  alkali 
nickel  biuret,  330 

tests  with  nickel  dimethylglyoxime 
equilibrium  solution,  90,  97 
with  zinc-hydroxyquinoline  equili¬ 
brium  solution,  90,  97 
Basic  dyes,  distinction  from  acid  dyes,  339 
Beeswax,  behavior  in  hydroxamic  acid 
test  for  esters,  346 
testing  for  admixture  of  fat,  348 
Beilstein  test,  64 

Benzaldehyde,  color  reaction  in  formalin 
test,  107 

detection  of,  106,  141,  148,  150,  152 
154,  157 

Benzaldehyde  o-sulfonic  acid,  detection  of 
141,  150,  152,  154,  157,  182 
Benzamide,  detection  of,  197 
Benzene,  color  reaction  in  formalin  test 
107 

detection  of,  106 

of  carbon  disulfide  in,  337 
of  nickel  carbonyl  in,  345 
of  thiophen  and  derivatives  in,  338 
Benzenesulf hydroxamic  acid,  detection 
of,  163 

Eenzenesulfinic  acid,  detection  of,  182 
Benzenesulfohydroxamic  acid,  reaction 
with  aldehydes,  156 

Benzene  sulfone  chloride,  detection  of,  184 
Benzenesulfo-/>-nitranilide,  detection  of 

1  On  * 
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/>-Benzenesulfonic  acid-azo-a-naphthyl- 
amine,  formation  of,  161 
Benzhydroxamic  acid,  detection  of, 

163 

Benzidine,  color  reaction  with  nitric  acid, 
204 

color  test  for  manganese111  oxide, 

56 

for  metal  phosphates,  56 
detection  of,  103,  195,  201,  206 
of  basic  behavior  of,  91,  92,  93 
reaction  with  furfural,  317 
with  molybdenumvl  ions,  77 
Benzidine  acetate,  detection  of  ammo¬ 
nium  phosphomolybdate  by,  in  lime 
test  for  phosphorus,  77 
of  hydrocyanic  acid  by,  in  Lassaigne’s 
test  for  nitrogen,  73 
in  test  for  emulsin,  320 
Benzidine  and  ammonium  molybdate  test 
for  phosphoric  acid,  77,  350 
and  copper  acetate,  color  reaction  with 
hydrocyanic  acid,  242 
and  2,7-diaminofluorene,  color  reac¬ 
tion  with  hydrocyanic  acid,  242 
Benzidine  blue,  formation  of,  72,  74,  77, 
181,  305,  320 

catalysis  by  peroxidase,  321 
test  for  peroxidase,  321 
Benzidine  hydrochloride,  interference  in 
sodium  rhodizonate  test  for  ethylene- 
diamine  and  propylenediamine,  290 
Benzidine  sulfate,  oxidative  decomposi¬ 
tion  of,  84 

Benzidine-WOa  precipitate,  oxidative  de¬ 
composition  of,  84 

Benzidinium  phosphomolybdate,  forma¬ 
tion  and  decomposition  of,  77 
Benzil,  condensation  with,  as  test  for  thio- 
phen,  314 
with  thiophen,  145 
detection  of,  102,  145,  146,  189 
of  oxygen  in,  82 

distinction  from  aliphatic  dioxo  com¬ 
pounds,  142 

reaction  with  ethylenediamine,  189 
with  thiophen,  315 

Benzildioxime,  color  reaction  in  formalin 
test,  107 
detection  of,  163 

Benzoic  acid,  detection  of  acidic  behavior 
of,  95 

of  hydrogen  in,  62 
in  test  for  volatile  acids,  96 
interference  in  saponification  test  for 
acetates,  179 


Benzoic  acid  hydrazide,  detection  of,  217 
219,  221 

Benzoic  anhydride,  detection  of,  175 
Benzoin,  detection  of,  102,  152 
Benzoinoxime,  color  reaction  in  formalin 
test,  107 
detection  of,  163 
of  carbon  in,  61 

Benzoylacetic  ester,  detection  of,  140 
Benzoylhydrazine,  detection  of,  213,  214 
Benzoyl  peroxide,  interference  in  test  for 
chloranil,  323 
Benzpyrrole,  see  Indole 
Benzyl  alcohol,  color  reaction  in  formalin 
test,  107 

formation  from  salicin,  365 
Benzylamine,  detection  of,  188,  206,  222 
Benzyl  benzoin  oxime,  detection  of,  163 
Benzylidene-/>-nitraniline,  detection  of, 
196 

Benzyl  mercaptan,  color  reaction  in  for¬ 
malin  test,  107 

Beryllate  in  fluorescence  test  for  morin 
and  quercitin,  310 

Beverages,  detection  of  salicylic  acid  in, 
350 

Binary  reactions  in  analytical  chemistry, 
8 

Biological  research,  spot  reactions  in,  329 
Bis(camphor-10)mercury,  detection  of 
mercury  in,  87 

Bis(3-chlorocamphor-10)mercury,  detec¬ 
tion  of  mercury  in,  87 
Bis(l,  3-diketoindenyl),  formation  of,  208 
Bismuth,  detection  of,  in  medicinals,  363 
in  organic  compounds,  summary  of 
tests,  372 

test  for,  in  presence  of  organic  com¬ 
pounds  of  mercury  and  silver,  364 
Bismuth  compounds,  interference  in  Rho- 
damine  B  test  for  antimony,  363 
Bismuth  pyrogallate,  oxidative  decompo¬ 
sition  of,  84 

Bisulfate  and  morin,  color  test  for  zir¬ 
conium  oxide,  56 

Bisulfite  test  for  aldehydes  and  aliphatic 
methyl  ketones,  140 
for  carbonyl  compounds,  140 
Biuret,  in  the  detection  of  acid  and  basic 
compounds,  330 

formation  from  urea,  263,  298,  340 
masking  of  dimethylglyoxime  test  for 
nickel  by,  319,  331 
reaction  with  nickel  ions,  319,  330 
with  phenylhydrazine,  299 
splitting  of,  as  test  for  urease,  319 
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Blocking  of  reactivity  of  groups,  as  indi¬ 
rect  test,  17 

Blood,  detection  in  urine,  321 
Blood  albumin,  detection  of,  294 
Bromal,  detection  of,  149 
w-Bromaniline,  detection  of,  201 
Bromine,  free,  oxidation  of  formic  acid  by, 
132 

liberation  from  bromide  by  chloranil, 
322 

reaction  with  sulfite,  303 

with  sulfosalicylic  acid,  140,  303 
summary  of  tests,  372 
test  for  enols,  139 

a-4-Bromoazoxybenzene,  behavior  with 
sulfuric  acid,  128 

/?-Bromoazoxybenzene,  behavior  with  sul¬ 
furic  acid,  128 

a-Bromocamphorsulfonic  acid,  detection 
of,  182 

£-Bromo-m-cresol,  color  reaction  with  ni- 
trosonaphthol,  292 

Bromoform,  test  for,  see  Chloroform,  test 
for 

a-Bromoketones,  oxidation  of  hydriodic 
acid  by,  139 

Bromomercuryethylpyridine-bromomer- 
curiate,  detection  of  mercury  in,  87 
^-Bromophenylhydrazine,  detection  of, 
215 

Bromosulfosalicylic  acid,  formation  of, 
140 

/>-Bromotoluene  sulfonicacid methylester, 
reaction  with  sodium  1,2-naphtha- 
quinone-4-sulfonate  and  tertiary  ring 
bases  or  oxonium  compounds,  224 
Bromthymol  blue,  in  tests  for  basic  or 
acidic  behavior,  89 

Butyl  acetate,  detection  of  acetyl  group 
in,  180 

Butyl  alcohol,  detection  of,  130 
isoButyl  alcohol,  detection  of,  130 
Butylamine,  detection  of,  210 
isoButylamine,  detection  of,  188,  210 
Butyl  carbamate,  detection  of,  300 
tert.  Butylurea,  detection  of,  300 
Butyraldehyde,  color  reaction  with  car- 
bazole,  242 

with  ^-hydroxydiphenyl,  251 
with  pyrogallolcarboxylic  acid,  253 
isoButyraldehyde,  color  reaction  with 
pyrogallolcarboxylic  acid,  253 
Butyrase,  detection  by  ethyl  acetate-water 
emulsion,  318 

By-products,  undesirable,  detection  of 
347 


C 

Caffeine,  detection  of  basic  behavior  of,  93 
of  hydrogen  in,  62 

Cadmium  iodide,  detection  of  arsenic  by, 
79 

reaction  with  calcium  arsenate,  79 
Cadmium  sulfide  paper,  44 
Calcium,  detection  in  paper,  332 

in  organic  compounds,  summary  of 
tests,  372 

in  pharmaceutical  preparations,  detec¬ 
tion  of,  366 

rhodizonate  test  for,  366 
Calcium  acetate,  detection  of  hydrogen  in, 
62 

Calcium  oxalate,  reaction  with  diphenyl- 
amine,  259 

Calcium  oxide,  heating  of  sample  with,  57 
reaction  with  8-hydroxyquinoline,  221 
reaction  with  nonvolatile  arsenic  com¬ 
pounds,  79 

with  nonvolatile  phosphorous  com¬ 
pounds,  77 
test  for  nitrogen,  72 

Calcium  oxinate,  detection  of  carbon  in, 
61 

Calcium  propionate,  dry  distillation  of, 
248 

Calcium  rhodizonate,  formation  of,  360, 
366 

Calcium  salicylate,  interference  in  rhodi¬ 
zonate  test  for  ethylenediamine,  361 
Calcium  salts  in  streptomycin  prepara¬ 
tions,  detection  of,  360 
Camphorate,  bismuth,  detection  of  bis¬ 
muth  in,  363 

Camphoric  anhydride,  detection  of,  174 
Camphor- 10-mercury  iodide,  detection  of 
mercury  in,  87 

Camphorquinone,  detection  of,  145 

distinction  from  aliphatic  dioxo  com¬ 
pounds,  142 

Camphorsulfonic  acid,  detection  of,  182, 
186 

Candelilal  wax,  behavior  in  hydroxamic 
acid  test  for  esters,  346 
Cane  sugar  ( see  also  Saccharose  and  Su¬ 
crose),  color  reaction  with  chromotropic 
acid,  245 

detection  of  invertase  by,  318 
^  reaction  with  periodic  acid,  131 
Capillary  effects,  1,  2 
pipets,  cleaning  of,  37 
Capric  acid,  detection  of  acidic  behavior 
94,  95 
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Carbazole,  color  reactions  by,  242 
in  formalin  test,  107 
detection  of,  108,  205 
for  the  detection  of  methyl  alcohol  via 
formaldehyde,  245 
test  for  formaldehyde,  241 
Carbinols,  formation  of,  239 
Carbohydrates  ( see  also  Aldohexoses,  Ke- 
tohexoses  and  Sugars),  aniline  acetate 
test  for,  289 
detection  of,  286-289 

of  albumin  and  edestin  in  presence  of, 
294 

hydrolysis  to  furfural  as  test  for,  288 
interference  in  isatin  test  for  chloral, 
244 

reaction  with  potassium  thiocyanate,  63 
summary  of  tests,  379 
Carbolic  acid  (see  also  Phenol),  conversion 
to  salicylaldehyde  as  test  for,  273 
detection  of,  274 
reaction  with  chloroform,  273 
summary  of  tests,  379 
Carbon,  elements  bound  directly  to,  iden¬ 
tification,  56 

molybdenum  trioxide  test  for,  58 
potassium  iodate  as  test  for,  60 
reduction  of  silver  arsenate  as  test  for, 
59 

summary  of  tests,  372 
test  for,  as  distinction  between  inorgan¬ 
ic  and  organic  material,  57 
Carbonates,  ignition  test  for,  54 

interference  in  detection  of  volatile 
acids  by  iodide-iodate  mixtures,  95 
Carbon  disulfide,  detection  of,  303,  304 

in  benzene  and  carbon  tetrachloride, 
337 

formaldehyde  and  plumbite  test  for, 
303,  338 

iodine-azide  reaction  as  test  for,  301 
reaction  with  alkali  hydroxide,  303 
with  aromatic  amines,  187 
with  phenylhydrazine,  291 
with  primary  and  secondary  alcohols, 
129 

with  primary  and  secondary  aliphatic 
amines,  186 

with  primary  and  secondary  amines, 
169 

summary  of  tests,  379 
test  for,  in  presence  of  hydrogen  sulfide, 
303 

test  for  primary  amines,  203 
Carbon  monoxide,  interference  in  vola¬ 
tilization  test  for  mercury,  86 


phosphomolybdic  acid  and  palladium 
chloride  test  for,  238 
reaction  with  palladium  ions,  238 
with  phosphomolybdic  acid,  238 
summary  of  tests,  379 
Carbon  tetrachloride,  detection  of  carbon 
disulfide  in,  337 
of  phosgene  in,  297 

Carbonyl  compounds,  bisulfite  test  for 
140 

summary  of  tests,  375 
Carboxylic  acids,  detection  of,  331 

of  formic  acid  or  formates  in  presence 
of,  246 

interference  in  dithiocarbamate  test  for 
ethylenediamine,  189 
summary  of  tests,  375 
test  for,  by  conversion  to  ferric  hydrox- 
amates,  171 

Carboxylic  acids,  aromatic,  halogen  deri¬ 
vatives  of,  color  reaction  with  chromo¬ 
tropic  acid,  241 

Carboxylic  acids,  tertiary,  decomposition 
of,  239 

Carius  disintegration  of  organic  com¬ 
pounds,  57 

of  organometallic  compounds,  82 
Carminic  acid,  oxidative  decomposition 
of,  84 

Carnauba  wax,  behavior  in  hydroxamic 
acid  test  for  esters,  346 
Carriers  in  spot  test  analysis,  47 
Casein,  detection  of,  294 
Castor  oil,  detection  of  lipase  by,  321 
Catalase,  summary  of  tests,  379 

test  for,  by  decomposition  of  hydrogen 
peroxide,  321 

Catalysis  reactions,  as  direct  tests,  17 
Catalytic  action,  test  by,  for  enzymes,  317 
Catechol,  color  reaction  in  formalin  test, 
107 

Catigen  dyes,  catalysis  of  iodine-azide  re¬ 
action  by,  336 

Catioben  see  Iodobehenate,  calcium 
Caustic  alkali,  in  tests  for  basic  or  acidic 
behavior,  89 

Cellulose,  detection  of,  289 

formation  of  m-hydroxymethylfurfural 

from,  355 

Cellulose  and  derivatives,  aniline  acetate 
test  for,  355 
detection  of,  355 
disintegration  by  heating,  355 
Cellulose  acetate,  detection  by  furfural  re¬ 
action,  355 

Cellulose  formals,  detection  of,  241 
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Centrifuge  tubes,  cleaning  of,  37 
Centrifuging,  35 

Cerium  double  nitrate  test  for  primary, 
secondary,  and  tertiary  alcohols,  132 
Cetyl  palmitate,  detection  of,  173 
Characteristic  groups,  detection  of,  119ff 
survey  of  reaction  types  in  tests  for 
identification  of,  17 

Charcoal,  animal,  detection  of  sulfide  sul¬ 
fur  in,  335 

Chelidonic  acid,  detection  of,  225 
Chemical  methods  of  analysis,  importance 
of,  233 

role  in  organic  spot  test  analysis,  4 
Chemistry  of  specific,  selective  and  sensi¬ 
tive  reactions,  3,  5 
Cherry  gum,  detection  of,  131 
Chloral  (Trichloroacetaldehyde),  detec¬ 
tion  of,  244 
of  hydrogen  in,  62 
summary  of  tests,  379 
test  for,  by  conversion  to  isatin-/3-imine, 
243 

Chloraloxime,  formation  of,  243 
Chloramine,  test  for,  by  release  of  iodine,  99 
Chloranil  (Tetrachloro-^-quinone),  detec¬ 
tion  of,  323 

liberation  of  free  halogen  from  halide 
by,  322 

oxidation  of  ascorbic  acid  by,  307 

reaction  with  phenols,  203 

reduction  to  tetrachlorohydroquinol,  322 

summary  of  tests,  379 

test  for,  by  oxidation  of  tetrabase,  321 

test  for  ascorbic  acid,  307 

for  pentachlorophenol  by  conversion 
to,  323 

for  primary  and  secondary  aromatic 
amines  by  condensation  with,  203 
/>-Chloraniline,  detection  of,  196 
Chlorates,  testing  of  explosives  for,  353 
Chlorine,  summary  of  tests,  372 
Chloroarsanilic  acid,  detection  of  arsenic 
in,  80 

Chlorobenzene,  color  reaction  in  formalin 
test,  107 

Chlorobenzoic  acid,  detection  of  hydrogen 
in,  62 

Chlorodinitrobenzene,  detection  of,  125 
Chloroform,  detection  of,  243 
of  phosgene  in,  297 
reaction  with  alkali  phenolates,  135 
with  ammonia  and  alkali  hydroxide 
242 

with  carbolic  acid,  273 
with  phenols,  273 


summary  of  tests,  379 
test  for,  by  conversion  to  alkali  cyanide, 
242 

7-Chloro-8-hydroxyquinoline,  detection 
of,  139 

Chloronitrobenzenes,  detection  of,  124 
of  chlorine  in,  65 

/i-Chlorophenol,  color  reaction  with  nitro- 
so-naphthol,  292 

p-Chlorophenylstibonic  acid,  detection  of 
antimony  in,  362 
Choice  of  procedure,  21 
Chromates,  reaction  with  diphenylcarba- 
zide,  299 

Chromatography,  analytical  separation 
by,  42 

as  preliminary  test,  49,  51 
role  of  spot  tests  in,  235,  330 
for  separation  of  homologs,  235 
Chromic  acid,  oxidation  of  acyloins  by, 
144 

Chromium111  oxide,  color  test  with  sodium 
peroxide,  56 

Chromotropic  acid  (1,8-Dihydroxynaph- 
thalene-3,6-disulfonic  acid),  color  re¬ 
actions  by,  241,  245,  246 
color  test  for  titaniumIV  oxide,  56 
for  the  detection  of  formic  acid  via 
formaldehyde,  246 

of  methyl  alcohol  via  formaldehyde, 
245 

reaction,  detection  of  formic  acid  by, 
348 

test  for  formaldehyde,  240 
Cinchonine,  detection  of,  225 
Cinnamaldehyde,  color  reaction  with 
phloroglucinol,  226 
detection  of,  148,  151,  152,  155,  157 
Cinnamaldehyde  bisulfite,  detection  of 
155 

Cinnamic  acid,  color  reaction  in  formalin 
test,  107 
detection  of,  172 

of  tartaric  acid  in  presence  of,  261 
Cinnamic  alcohol,  detection  of,  228 
Cinnamoyl  formic  acid  phenylhydrazone, 
detection  of,  215 
Citral,  detection  of,  150 
Citrazinic  acid,  formation  of,  262,  263,  348 
Citric  acid,  ammonium  citrazinate  test 
for,  261 

detection  of,  97,  172,  177,  263,  264 
of  ascorbic  acid  in  presence  of  305 
306 

of  carbon  in,  59,  61 
in  fruit  vinegar,  348 
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of  glycolic  acid  in  presence  of,  250 
of  hydrogen  in,  62 
of  tartaric  acid  in  presence  of,  261 
in  vinegar,  350 

distinction  from  tartaric  acid,  131 
summary  of  tests,  379 
urea  test  for,  14,  263,  348 
Citronellal,  detection  of,  150 
Cleanliness,  importance  of,  21 
Clove  oil,  color  reaction  with  phloroglu- 
cinol,  226 

Clupein,  detection  of,  294 
Cobalt111  a-nitroso-/3-naphthol,  detection 
of  carbon  in,  61 

Cobalt111  a-nitroso-/9-naphtholate,  oxida¬ 
tive  decomposition  of,  84 
Codeine  hydrochloride,  detection  of  ni¬ 
trogen  in,  73,  75 

Colophony,  behavior  in  hydroxamic  acid 
test  for  esters,  346 
Color  lakes,  343 
reactions,  7 

as  direct  tests,  17 
tests,  51 

Colored  reaction  products,  role  in  spot  test 
analysis,  2 
Combustion  tests,  52 

Complexes,  inner,  from  ethylenediamine- 
tetraacetic  acid,  265 
from  diphenylcarbazide,  297,  299, 
361 

from  8-hydroxyquinoline,  138,  274, 
284,  332 
from  morin,  311 

Complexone  III,  see  Ethylenediamine- 
tetraacetic  acid 

Concentrating  of  solutions,  aluminum 
block  for,  28  (Fig.  6) 
in  centrifuge  tube,  28  (Fig.  7) 
Concentration  sensitivity,  3 
Condiments,  detection  of  salicylic  acid  in, 
350 

Congo  copal,  behavior  in  hydroxamic  acid 
test  for  esters,  346 

Congo  red,  oxidative  decomposition  of,  84 
in  tests  for  basic  or  acidic  behavior,  88 
Control  tests,  spot  reactions  in,  329 
Copper,  precipitation  by  antimony  sulfide 
paper,  44 

Copper  acetate,  detection  of  hydrocyanic 
acid  by,  in  test  for  emulsin,  320 
in  test  for  nitrogen,  73 
Copper  acetate  and  benzidine,  color  re¬ 
action  with  hydrocyanic  acid,  242 
Copper  alizarin  blue,  oxidative  decompo¬ 
sition  of,  84 


Copper  cupferronate,  oxidative  decompo¬ 
sition  of,  83 

Copper  diphenylcarbazide,  formation  of, 
297 

Copper  dithiocarbamates,  formation  of,  as 
test  for  primary  and  secondary  aliphatic 
amines,  187 

Copper  halide  test  for  halogens,  64 
Copper  salts,  interference  in  test  for  acetic 
acid,  248 

Copper  sulfide,  formation  of,  interference 
in  cuprous  salts  test  for  thiols,  168 
Corn  starch,  detection  of,  289 
Cosmetics,  detection  of  glycerol  in,  348 
testing  for  impurities  or  adulterations, 
347 

Cotinazine,  see  Isonicotinic  acid  hydrazide 
Cotton,  detection  in  textiles,  354 
distinction  from  wool,  345 
Coumarin,  detection  of,  173 
Creosotate,  calcium,  detection  of  calcium 
in,  367 

m-Cresol,  color  reaction  with  o-phthal- 
aldehyde,  278 

detection  of  hydrogen  in,  62 
o-Cresol,  color  reaction  with  o-phthalalde- 
,  hyde,  278 
/  detection  of,  106,  133 
p-Cresol,  color  reaction  with  nitroso- 
naphthol,  292 

with  o-phthalaldehyde,  279 
Criminalistic  investigations,  spot  reactions 
in,  329 

Crocein  acid  (2-Hydroxynaphthalene-8- 
sulfonic  acid),  reaction  with  diazotized 
/>-aminobenzaldehyde,  212 
Crotonaldehyde,  detection  of,  149,  152, 154 
interference  in  formation  of  8-hydroxy¬ 
quinoline  as  test  for  glycerol,  285 
Crotonic  acid,  detection  of,  172 
Crystalline  ingredients,  distinction  from 
amorphous  ingredients,  50 
Crystallose,  behavior  in  tests  for  saccha¬ 
rin,  349 

Cumene,  color  reaction  in  formalin  test, 
107 

Cumic  aldehyde,  detection  of,  150 

Cupferron  (Nitrosophenylhydroxylamine, 

ammonium  salt),  detection  of,  313 
gallium  chloride  and  morin  test  for,  311 
oxidative  decomposition  of,  83 
summary  of  tests,  379 

Cupric  diethanolamine-dithiocarbamate, 

solubility  of,  169  . 

Cupric  dithiocarbamates,  formation  of,  a 
test  for  dithiocarbamides,  169 
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Cupric  ions,  interference  in  ammonia  test 
for  urease,  319 
reaction  with  cysteine,  167 
with  dithiocarbamates,  167 
with  rubeanic  acid,  167 
Cupric  oxide  in  volatilization  test  for 
mercury,  86 

Cuproacetylenic  carbide,  formation  of,  as 
test  for  acetylene,  235 
Cupromercaptan,  reaction  with  sulfur 
compounds,  75 
suspension,  preparation  of,  75 
Cuprous  acetylide,  formation  of,  as  test 
for  acetylene,  235 

Cuprous  carbide,  formation  of,  as  test  for 
acetylene,  235 

Cuprous  p-dimethylaminobenzylidene- 
rhodanine,  precipitation  by  ascorbic 
acid,  308 

Cuprous  ferrocyanide,  precipitation  of,  as 
test  for  ascorbic  acid,  306 
Cuprous  iodide,  detection  of  mercury  va¬ 
por  by,  85 

reaction  with  mercury  halides,  87 
Cuprous  salts,  precipitation  of,  as  test  for 
thiols,  167 

reaction  with  acetylene,  235 
Cuprous  tetraiodomercuriate,  formation 
of,  as  test  for  mercury,  85 
Cuprous  thiocyanate,  precipitation  by  as¬ 
corbic  acid,  308 

Cuprous  xanthogenate,  oxidative  decom¬ 
position  of,  84 

Cyanamides,  formation  of,  205 
Cyanides,  interference  in  detection  of  vo¬ 
latile  acids  by  iodide-iodate  mixtures 
95 

Cyclohexanedione  dioxime,  detection  of 
163 

Cyclohexanol,  detection  of,  130 
Cyclohexanone,  detection  of,  143,  152 
Cyclopentanone,  detection  of,  143 
Cysteine,  detection  of  basic  behavior  of 
93 

reaction  with  ascorbic  acid,  308 
with  cupric  ions,  167 
Cystine,  detection  of,  209 
iodine-azide  reaction  with,  165 

D 

Deamination  test  for  urea,  298 
Decylaldehyde,  detection  of,  149 
Degradation,  as  indirect  test,  17 
Dehydroascorbic  acid,  reduction  to  as¬ 
corbic  acid,  304 


Demasking  of  alkali  palladium  dimethyl- 
glyoxime,  338 

as  test  for  acid  and  basic  compounds, 
331 

for  dihydrostreptomycin,  359 
for  nitrogen  bases,  331 
for  streptomycin,  359 
in  complex  biuret  anions  by  acidic 
compounds,  331 
by  urease,  319,  351 

Denatured  alcohol,  detection  of  pyridine 
in,  348 

Desoxybenzoin  oxime,  detection  of,  163 
Detection  of  groups,  6 

of  individual  compounds,  6 
limit,  2,  17 

Development  of  organic  spot  test  analysis, 

1 

Dextrin,  detection  of,  132,  287 
Dextrose,  detection  of,  131 
Diacetyl,  behavior  with  sulfuric  acid,  146 
detection  of,  102,  160,  161,  189 
of  hydrogen  in,  62 
Diacetyl  dioxime,  detection  of,  163 
Diallylsulfide,  color  reaction  with  phloro- 
glucinol,  226 
detection  of,  227 
Diallylurea,  detection  of,  228 
2,7-Diaminofluorene  and  benzidine,  color 
reaction  with  hydrocyanic  acid,  242 
catalysis  of  oxidation  of,  as  test  for 
peroxides,  352 
test  for  peroxidase,  352 
Difsoamylamine,  detection  of,  188,  190 
o-Dianisidine,  detection  of  acrolein  by 
283 

formation  of  Schiff’s  bases  from,  148 
reaction  with  hydroxymethylfurfural, 
288 

test  for  aldehydes,  148 
Diastase,  detection  by  starch,  318 
Diazo  compounds,  behavior  on  heating,  82 
Diazo  reaction,  Ehrlich,  tests  with,  104 
^-Diazoniumbenzenesulfonic  acid,  reac¬ 
tion  with  a-naphthylamine,  161;  see 
also  Ehrlich  diazo  reagent 
Dibenzoylmethane,  detection  of,  222 
Dibenzyl,  color  reaction  in  formalin  test 
107 

3,3'-Dibromoazoxybenzene,  behavior 
with  sulfuric  acid,  128 
Dibromobehenate,  calcium  (Sabronin),  de¬ 
tection  of  calcium  in,  367 
1,2-Dicarboxylic  acids,  resorcinol  test  for 
175,  348,  349 
summary  of  tests,  375 
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1,2-Dicarboxylic  anhydrides,  melting  with 
m-aminophenol,  340 
preparation  of  rhodamine  dyes  from,  340 
Dichloroacetic  acid,  detection  of,  172 
3, 3'-Dichloroazoxybenzene,  behavior 
with  sulfuric  acid,  128 
4, 4'-Dichloroazoxy benzene,  behavior 
with  sulfuric  acid,  128 
Didactic  value  of  organic  spot  tests,  330 
Diethanolamine,  detection  of,  188,  190 
of  basic  behavior  of,  91,  92 
Diethylaniline,  detection  of,  109,  196 
Diethylamine,  detection  of,  190,  194 
in  triethanolamine,  191 
Diethylamino-/>-phenylantimonate  (Neo- 
stibosan),  detection  of  antimony  in,  362 
l,  1-Diethylhydrazine,  detection  of,  213 
Diethyl  ketone,  color  reaction  with  guia- 
coldialdehyde,  282 
Diethyl  malonate,  detection  of,  173 
of  oxygen  in,  82 

Diethyl  p-nitrophenyl  phosphate  (Para- 
oxon),  detection  of  phosphorus  in,  78 
0,0-Diethyl-0-/>-nitrophenylthiophos- 
phate  (Parathion),  detection  of  phos¬ 
phorus  in,  78 

Diethyl  oxalate,  detection  of,  173 
S^'-Difluoroazoxybenzene,  behavior  with 
sulfuric  acid,  128 

4j4'-Difluorobenzophenone,  detection  of 
fluorine  in,  69 

Differential  diffusion,  analytical  separa¬ 
tion  by,  42 

Dihydropyrazines,  formation  of,  145,  189 
Dihydrostreptomycin,  differentiation 
from  streptomycin,  360 
structure  of,  359 

test  for,  by  demasking  of  nickel,  359 

2.4- Dihydroxybenzaldehyde,  color  re¬ 
action  with  pyrocatechol,  278 

2.5- Dihydroxybenzaldehyde,  color  reac¬ 
tion  with  phloroglucinol,  279 

3.4- Dihydroxycinnamaldehyde,  color  re- 
action  with  phloroglucinol,  277 

3.4- Dihydroxycinnamic  acid,  color  re- 
’  action  with  p-phthalaldehyde,  280 

o.o'-Dihydroxydiphenyl,  color  reaction 
with  o-phthalaldehyde,  279 
^j  p'-Dihydroxydiphenyl,  color  reaction 
with  o-phthalaldehyde,  278 
Di-p-hydroxydiphenylethane,  formation 

of,  250 

oxidation  of,  251 

2.6- Dihydroxyisonicotinic  acid,  see  Citra- 
zinic  acid 

Dihydroxymaleic  acid,  detection  of,  1/7 


1.3- Dihydroxynaphthalene,  color  reaction 

with  metaldehyde,  276 
with  phloroglucinol,  281 
with  o-phthalaldehyde,  279 

1.4- Dihydroxynaphthalene,  color  reac¬ 
tion  with  o-phthalaldehyde,  279 

1.5- Dihydroxvnaphthalene,  color  reaction 
with  o-phthalaldehyde,  279 

1,8-Dihydroxynaphthalene,  color  reac¬ 
tion  with  metaldehyde,  276 
with  phloroglucinol,  281 
with  o-phthalaldehyde,  279 

2.6- Dihydroxynaphthalene,  color  reac¬ 

tion  with  phloroglucinol,  277,  281 
with  o-phthalaldehyde,  279 

2.7- Dihydroxynaphthalene,  color  and 

fluorescence  of,  250 
color  reactions  by,  249 
with  metaldehyde,  276 
with  o-phthalaldehyde,  279 
detection  of,  137 
reaction  with  acetaldehyde,  249 
with  anisaldehyde,  249 
with  formaldehyde,  249 
with  glycolic  acid,  249 
with  salicylaldehyde,  249 
test  for  glycolic  acid,  249 
for  lactic  acid,  249 

1.8- Dihydroxynaphthalene-3,6-disulfonic 
acid  ( see  also  Chromotropic  acid),  de¬ 
tection  of,  137 

3,4-Dihydroxyphenylalanine,  color  reac¬ 
tion  with  phloroglucinol,  277 
of  tyrosine  in  presence  of,  292 

2,6-Dihydroxypyridine-4-carboxylic  acid, 
detection  of,  225;  see  also  Citrazinic  acid 
Dihydroxy  tartaric  acid,  color  reaction 
with  /S,  /3'-dinaphthol,  261 
decomposition  by  sulfuric  acid,  253 
Dihydroxytartaric  acid  osazone,  detection 
of.  215  ,  . 

3,3'-Diiodoazoxybenzene,  behavior  with 
sulfuric  acid,  128 
Diiodotyrosine,  detection  of,  207 
1 , 2-Diketones,  aliphatic  and  aromatic,  test 
for,  by  formation  of  dihydropyr¬ 
azines,  145 

aromatic,  reaction  with  2-amino-5-di- 
methylaminophenol,  144 
formation  of,  by  selenious  acid,  144 
oxidation  by  periodic  acid,  101 
reaction  with  ethylenediamine,  145,  189 
test  for,  by  condensation  with  thiophen, 
145 

test  for  oxomethylene  compounds  by 
conversion  to,  142 
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2,2,-Dimethoxyazoxybenzene,  behavior 
with  sulfuric  acid,  128 
4,4,-Dimethoxyazoxybenzene,  behavior 
with  sulfuric  acid,  128 
/>,/>'-Dimethoxythiobenzophenone,  de¬ 
tection  of,  166 

^-Dimethylaminobenzaldehyde,  conden¬ 
sation  with  aromatic  amines,  220 
detection  of,  150,  152,  196 
of  hydrogen  in,  62 
of  pyrrole  by,  345 

reaction  with  amines,  aliphatic,  203 
with  amines,  primary  aliphatic  and 
aromatic,  199 

with  amines,  primary  and  secondary 
aromatic,  203 
with  amino  acids,  203 
with  hydrazine,  16,  158,  219 
with  indole,  199 
with  indole  bases,  294 
with  proteins,  203 
with  pyrrole  bases,  294 
with  pyrrolenine,  198 
with  skatole,  199 
with  tryptophan,  199 
test  for  hydrazides,  219 

for  primary  aromatic  amines  by  con¬ 
densation  with,  203 
for  proteins,  294 
for  pyrrole  bases,  198 
£-Dimethylaminobenzene-o-carboxylic 
acid,  see  Methyl  red 

/>-Dimethylaminobenzylidenerhodanine, 
oxidative  decomposition  of,  83 
test  for  ascorbic  acid,  308 
Dimethylaniline,  detection  of,  109,  206 
2,2'-Dimethylazoxybenzene,  behavior 
with  sulfuric  acid,  128 
4,4'-Dimethylazoxybenzene,  behavior 
with  sulfuric  acid,  128 
/?,/?-Dimethylcysteine,  see  Penicillamine 
2, 2'-Dimethyldicyclohexylamine,  detec¬ 
tion  of,  190 

Dimethylglyoxime,  color  test  for  nickel1* 
oxide,  56 
detection  of,  102 
oxidative  decomposition  of,  83 
test  for  nickel,  masking  of,  by  biuret 
319,  331 

Dimethylpyrone,  detection  of,  225 
Dimethyl  sulfate,  reaction  with  sodium 

l,2-naphthaquinone-4-sulfonates  and 

tertiary  ring  bases  or  oxonium  com¬ 
pounds,  224 

-Dimethylthiophen,  condensation 
with  isatin,  314 


1.3- Dimethvlxanthine,  see  Theophylline 

Dinacrin,  see  Isonicotinic  acid  hydrazide 

/f,y5'-Dinaphthol,  color  reactions  by,  261 

with  o-phthalaldehyde,  279 
detection  of,  137 
test  for  tartaric  acid,  261 

Dinitroacetanilide,  test  for  reducing 
sugars,  287 

Dinitroaminobenzoic  acid,  detection  of, 
125 

Dinitroarsanilic  acid,  detection  of  arsenic 
in,  80 

3,3'-Dinitroazoxybenzene,  behavior  with 
sulfuric  acid,  128 

m-Dinitrobenzene,  detection  of,  124,  125 

2.4- Dinitrobenzenesulfonic  acid,  detection 
of,  186 

Dinitrochlorobenzoic  acid,  detection  of, 
125 

w-Dinitro  compounds,  detection  in  pre¬ 
sence  of  other  nitro  compounds,  126 
potassium  cyanide  test  for,  125,  354 
reaction  with  potassium  cyanide,  125 

1,8-Dinitronaphthalene,  behavior  with 
potassium  cyanide,  126 
detection  of,  125 

Dinitro-a-naphthol,  detection  of,  125 

2.4- Dinitro-l-naphthol-6-sulfonic  acid, 
detection  of,  186 

Dinitrophenol,  detection  of,  125 

2.4- Dinitrophenol,  reaction  with  pot¬ 
assium  cyanide,  125 

2.4- Dinitroresorcinol,  detection  of,  137 

1.2- Dioximes,  formation  of,  142 
inner  complex  nickel  salts  from,  142 

Dioxo  compounds,  distinction  between 
aliphatic  and  aromatic,  142 

1.2- Dioxo  compounds,  aromatic,  test  for, 

by  conversion  to  oxazine  dyes,  144 
summary  of  tests,  375 
test  for,  by  conversion  to  nickel  dioxime 
salts,  142 

Diphenyl,  color  reaction  in  formalin  test 
107 

Diphenylamine,  detection  of,  103  196 

205,  206 

in  ignition  tests,  54 

reaction  for  nitrates  in  black  powder 
353 

with  nitrates  of  nitrites,  126 
with  oxalates  and  oxalic  esters,  259 
with  oxalic  acid,  257 
separation  from  organic  bases,  204 
test  for  nitrates  and  nitrites  by  oxida¬ 
tion  of,  126 

Diphenylamine  blue,  see  Aniline  blue 
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Diphenylamine-2,2'-dicarboxylic  acid,  de¬ 
tection  of,  205 

Diphenylamine  sulfonic  acid,  detection  of, 
205 

4,4'-Diphenylazoxybenzene,behaviorwith 
sulfuric  acid,  128 

Diphenylbenzidine,  color  reaction  in  for¬ 
malin  test,  107 

color  test  for  antimonyv  oxide,  56 
detection  of,  205 

reaction  for  nitrates  in  black  powder, 
353 

with  nitrates  or  nitrites,  126 
separation  from  organic  bases,  204 
test  for  antimony  oxide,  363 

for  nitrates  and  nitrites  by  oxidation 
of,  126 

conversion  to,  as  test  for  phosgene,  297 
for  urea,  299,  354 
detection  of,  297,  361 
formation  from  biuret,  299 
from  guiacol,  361 
from  phosgene,  297 
from  urea,  299 

oxidative  decomposition  of,  83 
reaction  with  chromates,  299 
with  copper  ions,  297 
with  molybdates,  299 
with  nickel  salts,  299,  354 
synthesis  of,  1 1 

test  for  hydroxy  fatty  acids,  352 
Diphenylcarbohvdrazide,  see  Diphenyl- 
carbazide 

1. 1- Diphenylhydrazine,  detection  of,  213, 
214 

Diphenylmethane,  color  reaction  in  for¬ 
malin  test,  107 

Diphenylthiocarbazide,  formation  of,  300 
as  intermediate  in  dithizone  prepara¬ 
tion,  291 

reaction  with  nickel  salts,  300 
Diphenylthiocarbazone,  see  Dithizone 
Diphenyl  thiocarbonate,  detection  of,  167 

1 . 1- Diphenylurea,  detection  of,  300 

1.2- Diphenylthiourea,  detection  of,  167 

Dipropylamine,  detection  of,  188 
a.a'-Dipyridyl,  behavior  on  heating  with 
hydrochloric  acid,  206 
Direct  tests,  6,  17 

Disalicylhydrazine,  see  Salicylaldazine 
Disintegration  of  the  sample,  as  prelimi¬ 
nary  test,  6 

Dissolved  materials,  testing  for,  33 
Distillation  in  air  or  steam  as  preliminary 
test,  49 

tube,  41  (Fig.  30) 


Disulfides,  behavior  with  periodic  acid, 

101 

fusion  with  alkali,  181 
iodine-azide  reaction  with,  165 
Dithiocarbamates  (see  also  Dithiocarb- 
amides),  catalysis  of  the  iodine-azide 
reaction  by,  169 

conversion  to,  as  test  for  primary  and 
secondary  aliphatic  amines,  186 
formation  of,  169 
reaction  with  cupric  ions,  167 
of  triethylamine,  formation  of,  187 
Dithiocarbamides  (see  also  Dithiocarba¬ 
mates),  summary  of  tests,  375 
test  for,  by  conversion  to  cupric  salts, 
169 

a,  a'-Dithionyl,  condensation  with  isatin, 

314 

formation  from  thiophen,  313 
Dithiooxamide,  see  Rubeanic  acid 
Dithizone  (Diphenylthiocarbazone),  con¬ 
version  to,  as  test  for  phenylhvdra- 
zine,  290 
detection  of,  167 
preparation  of,  291 
test  for  lead  in  motor  fuels,  344 
in  oils,  345 

Di-/?-tolyl  trithiocarbonate,  detection  of, 
167 

1,2-Di-m-tolylurea,  detection  of,  300 
Dried  peptone,  detection  of,  294 
Dropper  pipet,  31  (Fig.  13) 
cleaning  of,  37 
Dropping  bottle,  25  (Fig.  1) 

Drops,  addition  and  control  of,  30 
Drugs,  spot  reactions  in  the  testing  of,  329 
testing  for  impurities  or  adulterations, 
347 

Dry  reagents  in  spot  test  analysis,  47 
Drying,  as  preliminary  operation,  28 
of  impregnated  filter  paper,  45 
of  spots,  33 

Dusts,  detection  of  organic  material  in, 
333 

Dyes,  acid,  solubility  in  urea,  339 
basic,  solubility  in  stearic  acid,  339 
detection  of  sulfide  sulfur  in,  335 
distinction  between  acid  and  basic,  339 
rhodamine,  detection  and  differentia¬ 
tion,  340 

Dyestuff  indicators,  in  tests  for  basic  or 
acidic  behavior,  89 

E 


Edestin,  detection  of,  294 
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in  presence  of  carbohydrates,  detection 
of,  294 

Egg  albumin,  detection  of,  294 
Ehrlich  diazo  reaction,  tests  with,  104 
reagent,  preparation  of,  108 
Electrographic  apparatus,  43  (Fig.  31) 
methods,  analytical  separation  by,  42 
Elements  bound  directly  to  carbon,  iden¬ 
tification,  56 

Emulsin,  detection  by  indican,  318 
by  salicin,  318 
summary  of  tests,  379 
test  for,  by  splitting  of  amygdalin,  320 
Enols,  bromine  test  for,  139 
summary  of  tests,  375 
Enzymes,  detection  of,  318-321 
summary  of  tests,  379 
test  for,  by  catalytic  action,  317 
Eosin,  detection  of  bromine  in,  65 
Epichlorhydrin,  detection  of,  152 
Epihydrinaldehyde,  detection  in  rancid 
fats  and  oils,  353 
reaction  with  phloroglucinol,  353 
summary  of  tests,  379 
Epoxides,  detection  of,  by  periodic  acid 
test,  101 

Equipment,  requirements,  21 
special,  for  stocking  of  versatile  spot 
test  laboratory,  24 
Erythritol,  detection  of,  131 
reaction  with  periodic  acid,  130 
Esters,  interference  in  xanthate  test  for 
primary  and  secondary  alcohols,  130 
splitting  of,  as  test  for  lipase,  320 
test  for,  in  mixtures  of  hydrocarbons, 
346 

Esters,  carboxylic,  reaction  with  hydrox- 
ylamine,  171 
summary  of  tests,  375 
test  for,  by  conversion  to  ferric  hy- 
droxamates,  171,  321 
Esters,  dicarboxylic,  reaction  with  resor¬ 
cinol,  175 

Etching  test  for  detecting  hydrofluoric 
acid,  68 

Ethanolamine,  detection  of,  98,  210 
Ethyl  acetate,  detection  of,  173 
of  acetyl  group  in,  18o’ 
-water^emulsion,  detection  of  butyrase 

Ethyl  acetoacetate,  detection  of,  222 
keto-enol  equilibrium  of,  139 
Ethyl  alcohol,  detection  of,  130 
oxidation  by  potassium  permanganate, 

Ethylamine,  detection  of,  188 


in  triethanolamine,  191 

Ethylbenzene,  color  reaction  in  formalin 
test,  107 

Ethyl  bromide,  reaction  with  sodium 
l,2-naphthaquinone-4-sulfonate  and 
tertiary  ring  bases  or  oxonium  com¬ 
pounds,  224 

Ethyl  cellulose,  reaction  with  phosphoric 
acid  and  aniline  acetate,  289 
saponification  of,  for  aniline  acetate 
test,  355 

Ethylene,  interference  in  volatilization 
test  for  mercury,  86 

Ethylenediamine,  detection  of,  98,  206, 
290 

of  basic  behavior  of,  93 
of  secondary  aliphatic  amines  in,  191 
reaction  with  benzil,  189 
with  1,2-diketones,  145,  189 
reaction  products  with  theophylline 
360 

rhodizonate  test  for,  289,  360 
summary  of  tests,  379 

Ethylenediamine  rhodizonate,  formation 
of,  289,  360 

Ethylenediaminetetraacetic  acid,  complex 
calcium  salt,  detection  of  calcium  in 
367 


complex  formation  by,  265 
detection  of,  265,  266 
masking  test  for,  265 
prevention  of  formation  of  zinc  oxinate 
as  test  for,  266 
summary  of  tests,  379 
Ethylene  glycol,  detection  of,  131 
Ethyl  formate,  detection  of,  173 
Ethyl  iodide,  reaction  with  sodium  1,2- 
naphthaquinone-4-sulfonate  and  ter¬ 
tiary  ring  bases  or  oxonium  compounds, 
224 

Ethyl  mandelate,  detection  of  oxygen  in, 


Ethyl  nitrite  and  resorcinol  test  for  pri¬ 
mary  aromatic  amines,  203 
Ethyl  orthoformate,  detection  of,  173 
^-Ethylphenol,  color  reaction  with  nitro- 
so-naphthol,  292 
Ethyl  stearate,  detection  of,  173 
Ethylurethan,  detection  of,  173,  300 
Eugenol  color  reaction  with  o-phthal- 
aldehyde,  278 
detection  of,  227 
Euphylline,  detection  of,  360 
differentiation  from  theophvlline-cal- 
cium  salicylate,  361 
summary  of  tests,  380 
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Evaporating  as  preliminary  operation,  28 
Evaporation  residues,  detection  of  organic 
material  in,  333 

Experimental  conditions,  importance  of, 

21 

Exploratory  tests,  49 

Explosives,  detection  of  ammonium  salts 
in,  354 

of  azides  in,  354 
of  chlorates  in,  353 
of  free  sulfur  in,  354 
of  nitro  compounds  in,  354 
spot  tests  in  the  examination  of,  353 
Extraction  pipet,  38 
Extractions,  liquid-liquid,  37 
liquid-solid,  37 


F 


Fabrics,  detection  of  antimony  and  tin 
mordants  in,  342 

of  contamination  by  urine,  346 
dyed,  detection  of  rhodamine  dyes  in, 
'  342 

Fats,  detection  in  beeswax  or  lanolin,  348 
of  hydroxy  fatty  acids  in,  352 
of  organic  peroxides  in,  352 
glycerol  test  for,  346 
rancidity  of,  tests  for,  351 
Fatty  acids,  higher,  detection  in  paraffin 
wax  and  vaseline,  339 
Fatty  oils,  glycerol  test  for,  346 
Fehling  reagent,  preparation  of,  103 
reduction  of,  103 

Fermentation  of  sugar  as  test  for  zymase, 


320 

Ferric  acetate,  formation  of,  as  test  for 
acetic  acid,  249 

Ferric  acethydroxamate,  formation  of,  as 
test  for  sulfonic  acids,  sulfinic  acids, 
sulfonamides,  and  sulfones,  183 
Ferric  chloride,  precipitation  of  sulhmc 

acids  by,  181  .  .  ,  Q„ 

reaction  with  acethydroxamic  acid,  183 
with  hydroxamic  acids,  170 
with  sulfinic  acids,  183 
Ferric  cupferronate,  oxidative  decompo¬ 


sition  of,  83  ,  .  . , 

Ferric  ferricyanide  test  for  ascorbic  acid, 

308 

Ferric  hydroxamates,  formation  of,  as  test 
for  anhydrides  of  carboxylic  acids, 

174 

for  carboxylic  acids,  1  / 1 

for  esters  of  carboxylic  acids,  171,  3- 1 

for  resins  and  waxes,  346 


Ferric  oxide,  color  test  with  8-hydroxy- 
quinoline,  56 

Ferric  salts  and  hydrazoic  acid,  test  for 
azides  in  explosives,  354 
Ferric  thiocyanate  test  for  oxygen,  80 
Ferrous  hydroxide,  reaction  with  oxidants, 
99 


Ferrous  oxide,  interference  in  potassium 
iodate  test  for  carbon,  61 
Ferrous  salts,  interference  in  triphenyl- 
tetrazolium  chloride  test  for  reducing 
sugars,  286 

Fibers,  animal,  differentiation  from  nylon, 
346 

differentiation  between  animal  and 
vegetable,  345 

Filter  paper  as  reaction  medium,  1 
recommended  for  spot  test  use,  47 
Filter  papers,  differentiation  of,  332 
Filtering  pipet,  34  (Fig.  15) 

Fission  products,  detection  of,  as  prelimi¬ 
nary  test,  6 
test  for  proteins,  294 
Flecks,  formation  of,  2 
Flotation,  2,  37 

Fluorene,  color  reaction  in  formalin  test, 
107 

Fluorescein  chloride,  melting  with  amines, 


340 

preparation  of  rhodamine  dyes  from,  340 
reaction  with  amides,  197 
with  aromatic  amines,  194 
with  primary  aliphatic  amines,  192 
with  secondary  aliphatic  amines,  193 


with  nitriles,  197 
with  pyrrole  bases,  197 
test  for  amines,  191 

Fluorescence  by  adsorption  of  nonfluo- 


rescent  compounds,  16 
analysis,  15 
as  direct  test,  17 
in  exploratory  tests,  51 
influence  of  conditions,  15 
quenching  by  nonfluorescent  com¬ 
pounds,  15 

role  in  spot  test  analysis,  - 
fluorine,  alkali  fluoride  test  for,  67 
hydrofluoric  acid  test  for,  68 
summary  of  tests,  372 
zirconium  alizarinate  test  for,  67 

,  •  *  1  A _ /■*♦  tllll 


0-Fluoronaphthalene,  detection  of  fluorine 

in,  b8  oiu 

Foods,  detection  of  saccharin  in,  34,) 

of  salicylic  acid  in,  350 
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testing  for  impurities  or  adulterations, 
347^ 

Formaldehyde  ( see  also  Formalin), 
carbazole  test  for,  241 
catalysis  of  thiocarbonate  formation 
by,  303,  338 

chromotropic  acid  test  for,  240 
color  reaction  with  p-hydroxydiphenyl, 
251 

with  indole,  242 

with  pyrogallolcarboxylic  acid,  253 
detection  of,  104,  141,  148,  149,  152, 
154,  241,  242 

in  presence  of  furfural  or  sugars,  241 
fluorescence  test  with  o-hydroxydi- 
phenyl,  251 

formationin  test  for  polyhydric  alcohols, 
130 

interference  in  gallic  acid  test  for 
tartaric  acid,  260 

oxidation  of  methyl  alcohol  to,  244 
reaction  with  2,7-dihydroxynaphtha- 
lene,  249 
with  sulfite,  304 
reduction  of  formic  acid  to,  245 
summary  of  tests,  380 
test  for  carbon  disulfide,  303,  338 
for  formic  acid  by  conversion  to  245 
348 

for  methyl  alcohol  by  conversion  to 
244 

Formaldoxime,  detection  of,  241 
Formalin  reaction,  Le  Rosen,  tests  with 
104 

Formamidine  disulfide,  color  reaction 
with  sodium  pentacyanoammine  fer- 
roate,  122 

Formates,  detection  of,  in  presence  of 
carboxylic  and  sulfonic  acids,  246 
Formaurindicarboxylic  acid,  formation 
of,  13,  185,  271 
preparation  of,  272 
1’ormhydrazone,  formation  of,  122 
I  ormic  acid,  decomposition  of,  239  254 
detection  of,  246,  247 

of  acetic  acid  in  presence  of,  248 
in  presence  of  carboxvlic  and 
sulfonic  acids,  246 
in  test  for  volatile  acids,  96 
in  wood  vinegar  and  fruit,  348 

^lobTsO111  t6St  f°r  polyhydric  ^co- 

interference  in  saponification  test  for 
acetates,  179 

mercuric  chloride  test  for,  246 
oxidation  by  free  bromine,  132 


reaction  with  mercuric  chloride,  246 
reduction  to  formaldehyde,  245,  348 
summary  of  tests,  380 
test  for,  by  conversion  to  formaldehyde, 
245 

Fructose,  color  reaction  with  chromotropic 
acid,  241,  245 

Fruit  juices,  detection  of  formic  acid  in, 
348 

of  saccharin  in,  349 

Fruit  vinegar,  distinction  from  synthetic 
vinegar,  350 

testing  for  citric  and  malic  acid,  348 
Fuadine,  see  Sodium  antimony111 
bis(pyrocatechol-2, 4-disulfonate) 
Fuchsin,  decolorization  by  sulfurous  acid, 
147 

reaction  with  aldehydes,  147,  207 
with  salicylaldehyde,  156 
with  vanillin,  156 
test  for  aldehydes,  156 
Functional  groups,  definition  of,  119 
detection  of,  1 19ff 

Furan  ring,  aminolytical  cleavage  of,  288, 
316 

Furfural,  aniline  acetate  test  for,  289 
316,  355 

color  reaction  with  chromotropic  acid 
241,  245 

detection  of,  141,  148,  151,  152,  157,  317 
of  formaldehyde  in  presence  of,  241 
formation  from  pentoses,  288 
hydrolysis  to,  as  test  for  carbohydrates, 

1 -  N  S 

reaction  with  benzidine,  317 
reaction,  detection  of  cellulose  acetate 
by,  355 

summary  of  tests,  380 
test  for  primary  aromatic  amines  by 
condensation  with,  203 
Furfural  bisulfite,  detection  of,  155 
Purildioxime,  color  reaction  in  formalin 
test,  107 

1  U0rfedeteCtion  of  /’-phenylenediamine  in 

356 

busing  as  preliminary  operation,  28 
■usion  reactions,  organic  compounds  in. 


G 


...  .  >  — ui,  iuz,  1U4  -'89 

Galhc  acid,  color  reaction  in  formalin  test, 


with  phloroglucinol,  281 
with  o-phthalaldehyde,  278 
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with  p-phthalaldehyde,  280 
reaction  with  potassium  thiocyanate, 

63 

test  for  tartaric  acid,  260 
Gallium  chloride  and  morin  test  for  cup- 
ferron  and  neocupferron,  311 
Gallium  cupferronate,  reaction  with 
morin,  311 

Gallium  hydroxide,  lake  formation  with 
morin,  312 

Gallium  morinate,  formation,  312 
Gas  phase,  reaction  in  the,  13,  17 
Gaseous  materials,  sampling  of,  26 
Gases,  detection,  39 

apparatus  for,  40,  41  (Figs.  23-28) 
in  spot  test  analysis,  38 
Gasoline,  detection  of  lead  compounds  in, 
344 

Geraniol,  color  reaction  with  phloro- 
glucinol,  226 

Glass  as  reaction  medium,  2 
Glassware  for  stocking  of  versatile  spot 
test  laboratory,  23 
Gliadin,  detection  of,  294 
Glucantime,  see  N-Methylglucamine  anti- 
monate 

Gluconate,  calcium,  detection  of  calcium 
in,  367 

Gluconic  acid,  color  reaction  with  p,P'- 
dinaphthol,  261  » 

Glucosazone,  detection  of,  215 
Glucose,  detection  of,  102,  104,  131,  132, 
141,  287,  289 

of  hydrogen  in,  62 

interference  in  formaldehyde  test  for 
formic  acid,  246 

in  ninhydrin  test  for  ascorbic  acid, 
309 

reaction  with  ninhydrin,  209 
^-Glucosidases,  see  Emulsin 
Glucuronic  acid,  color  reaction  with  p, 
^'-dinaphthol,  261 

with  naphthoresorcinol,  252 
with  pyrogallolcarboxylic  acid,  254 
Glucuronic  acid  phenylhydrazonc, 
detection  of,  215 

Glutaconic  aldehyde,  conversion  to,  as 
test  for  glutaconic  aldehyde,  295,  348 
formation  from  pyridine,  295  ^ 

reaction  with  y-naphthylamine,  295 
with  primary  aromatic  amines,  1.  • 
test  for  primary  aromatic  amines,  19. 
Glutathione,  reaction  with  ascorbic  acid, 

Glyceraldehyde,  color  reaction  with  chro¬ 
motropic  acid,  241 


detection  of,  152,  154 
Glyceric  acid,  color  reaction  with  chro¬ 
motropic  acid,  246 
with  /f,)S'-dinaphthol,  261 
detection  of,  252 

interference  in  gallic  acid  test  for 
tartaric  acid,  260 
naphthoresorcinol  test  for,  251 
summary  of  tests,  380 
Glyceric  acid  mono-  and  diphosphoric 
esters,  color  reaction  with  naphtho¬ 
resorcinol,  252 

Glycerinophosphate,  calcium  (Neurosin), 
detection  of  calcium  in,  367 
Glycerol,  catalysis  of  decomposition  of 
oxalic  acid  as  test  for,  285 
color  reaction  with  chromotropic  acid, 
245 

conversion  to  acrolein  as  test  for,  283, 
384 

dehydration  of,  283,  348 
detection  of,  102,  131,  132,  283,  285 
in  cosmetics,  liquors,  and  wines,  348 
of  hydrogen  in,  62 

formation  of  8-hydroxyquinoline  as  test 
for,  284 

reaction  with  periodic  acid,  130 
summary  of  tests,  380 
test  for  fats,  346 

for  fatty  oils,  346 
Glyceryl  oleate,  detection  of,  173 
Glycine  (Aminoacetic  acid),  basic  behavior 
of,  92 

color  reaction  with  naphthoresorcinol, 
252 

detection  of,  172,  207,  209,  211 
of  basic  behavior  of,  93 
reaction  with  alkali  hypochlorite,  206 
with  potassium  thiocyanate,  210 
Glycine  ester  hydrochloride,  detection  of, 
173,  188 

Glycocoll,  see  Glycine 
Glycol,  reaction  with  periodic  acid,  130 
1,2-Glycols,  oxidation  by  periodic  acid, 
101 

reaction  with  periodic  acid,  100 
Glycolaldehyde,  formation  from  tartaric 
acid,  260 

Glycolic  acid,  color  reaction  with  p,p  - 
dinaphthol,  261 

with  naphthoresorcinol,  252 
conversion  to,  as  test  for  glyoxahc  acid, 
254 

detection  of,  250 

in  presence  of  citric  acid,  2oO 
in  vinegar,  350 
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2,7-dihydroxynaphthalene  test  for,  249 
interference  in  gallic  acid  test  for 
tartaric  acid,  260 

in  glyoxalic  acid  test  for  oxalic  acid, 
257 

oxidation  to  glyoxalic  acid,  255,  257 
reaction  with  2,7-dihydroxynaph- 
thalene,  249 

reduction  of  glyoxalic  acid  to,  254 
of  oxalic  acid  to,  256 
summary  of  tests,  380 
test  for  oxalic  acid  by  conversion  to, 
256 

Glyoxal,  detection  of,  149 
Glyoxalic  acid,  color  reaction  with  /?,/?'- 
dinaphthol,  261 

decomposition  of  dihydroxytartaric 
acid  to,  253 

of  mesoxalic  acid  to,  253 
detection  of,  254,  255 
interference  in  gallic  acid  test  for  tar¬ 
taric  acid,  260 

in  glycolic  acid  test  for  oxalic  acid, 

256 

in  glyoxalic  acid  test  for  oxalic  acid, 

257 

oxidation  of  glycolic  acid  to,  255,  257 
of  tartaric  acid  to,  131 
phenylhydrazine  test  for,  255 
Pyrogallolcarboxylic  acid  test  for,  253 
reaction  with  phenylhydrazine,  255 
reduction  to  glycolic  acid,  254 
of  oxalic  acid  to,  256 
summary  of  tests,  380 
test  for,  by  conversion  to  glycolic  acid, 
254 

test  for  oxalic  acid  by  conversion  to 
256 

Glyoxylic  acid,  see  Glyoxalic  acid 
Gold  amalgam,  in  volatilization  test  for 
mercury,  86 

Gold  ions,  reaction  with  rhodamine  dyes, 
34 1 

Griess  test  for  nitrites,  162 

for  nitro  compounds  in  explosives  354 
Grinding  of  solids,  26 
Groups,  characteristic,  detection  of,  119ff 
role  in  solution  processes,  110 
Guaiac  tincture,  detection  of  phenolase 
by,  318 

Guanidine,  interference  in  hydrolysis  test 
for  urea,  301 

Guiacol  (o-Methoxyphenol) ,  color  reaction 
with  metaldehyde,  276 
with  o-phthalaldehyde,  278 
Guiacolaldehyde,  color  reaction  with 


phloroglucinol,  277 

Guiacol  carbonate,  identification  of,  361 
reaction  with  phenylhydrazine,  361 
summary  of  tests,  380 
Guiacoldialdehyde  (4-Hydroxy-5- 
methoxyzsophthalaldehyde) ,  color 
reactions  by,  282 
test  for  acetone,  282 
Gum  arabic,  detection  of,  131,  289 
Gum  tragacanth,  reaction  with  phosphoric 
acid  and  aniline  acetate,  289 
Gums,  vegetable,  decomposition  by  heat¬ 
ing,  355 

Gypsum,  behavior  in  rhodizonate  test  for 
calcium,  366 

H 

H-acid  ( see  also  l-Amino-8-naphthol-3,6- 
disulfonic  acid),  detection  of,  184,  196 
Haematommic  acid  methyl  ester  mono- 
benzylether  and  monoethylether,  de¬ 
tection  of,  159 

Hair  dyes,  detection  of  ^-phenylenedi- 
amine  in,  356 

Halides,  interference  in  detection  of 
volatile  acids  with  iodide-iodate  mixtu¬ 
res,  96 

Halogens,  conversion  into  silver  halide,  65 
copper  halide  test  for,  64 
differentiation  of  aliphatic  and  aromatic 
bound, 66 

monoethanolamine  test  for,  66 
odor  test  for,  66 

in  organic  compounds,  summary  of 
tests,  372 

Halogen  compounds,  behavior  in  com¬ 
bustion  test,  52 

interference  in  lime  test  for  arsenic,  79 
reaction  with  lime,  79 
Halogen  hydracids,  interference  in  pro¬ 
tective  layer  test  for  acetylene,  237 
Helianthin,  detection  of,  184 
Heliotropin  ( see  also  Piperonal),  detection 
of,  150,  157 

Hemin,  catalysis  of  oxidation  of  2,7- 
diaminofluorene  by,  352 
Hemipinic  acid,  detection  of,  177 
Hemipinic  anhydride,  detection  of,  175 
Hemoglobin,  detection  of,  294 
Heptylaldehyde,  color  reaction  with 
£-hydroxydiphenyl,  251 
Heptylamine,  detection  of,  188 
^  ^6,2  ,4  ,6  -Hexabromoazoxybenzene, 

behavior  with  sulfuric  acid,  128 
Hexaethylbenzene,  color  reaction  in  for¬ 
malin  test,  107 
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Hexamethylenetetrami  ne  ( U  rotropine) , 

detection  of,  155,  241 
Hexoses,  conversion  to  hydroxymethyl- 
furfural,  288 

4-(n-Hexyl) -resorcinol,  color  reaction  with 
pyrocatechol,  278 
Hide  powder,  detection  of,  294 
Histidine,  detection  of,  108,  209 
Histidine  chloride,  detection  of,  206 
Homogeneity,  50 
Homologs,  separation  of,  235 
Honey,  detection  of  formic  acid  in,  348 
of  saccharin  in,  349 
Hood  arrangement,  30  (Fig.  1 1) 

Hood,  special  section  for  spot  tests,  22 
Hydrazides,  behavior  with  periodic  acid, 
101 

condensation  with  aldehydes  or  ketones, 
217 

detection  of,  in  presence  of  salts  of 
aromatic  amines,  220 
/>-dimethylaminobenzaldehyde  test  for, 
219 

reaction  with  alkali  hydroxide,  216 
summary  of  tests,  375 
test  by  adsorption  fluorescence,  16 
by  condensation  with  salicylalde- 
hyde,  217 

by  formation  of  salicylaldazine,  216, 
270 

Hydrazine(s),  behavior  with  periodic  acid, 

101 

condensation  with  o-hydroxyaldehydes, 
158 

with  salicylaldehyde,  216 
with  urea,  1 1 

interference  in  phosphomolybdic  acid 
test  for  isonicotinic  acid  hydrazide, 
358 

in  salicylaldazine  test  for  hydrazides, 
217 

in  tests  for  ascorbic  acid,  308 
reaction  with  aromatic  aldehydes,  136 

with  />-dimethylaminobenzaldehyde, 

16,  158,  219 
with  phosgene,  297 
with  salicylaldehyde,  269 
reduction  of  ammoniacal  cupric  solu¬ 
tions  by,  307 
salicylaldehyde  test  for,  8 
test  by  adsorption  fluorescence,  16 
Hydrazines,  aliphatic  and  aromatic, 

pentacyanoammineferroate  test  for, 

212 

summary  of  tests,  375 

test  for,  with  azo  dyestuffs,  21- 


aromatic,  interference  in  test  for  nitroso 
compounds,  122 

aryl,  summary  of  tests,  375;  see  also 
Arylhydrazines 

Hydrazinium  ions,  formation  of,  216 
Hydrazobenzene,  detection  of,  196 
Hydrazoic  acid  and  ferric  salts,  test  for 
azides  in  explosives,  354 
Hydrazones,  aryl,  summary  of  tests,  375 
behavior  with  dilute  acids,  218 
with  periodic  acid,  101 
Hydrindone,  detection  of,  143 
Hydriodic  acid,  oxidation  of,  by  a-bromo- 
ketones,  139 

Hydrocarbons,  detection  of  antioxidants 
in,  344 

as  solvent  for  ferric  thiocyanate,  81 
test  for  esters  in  mixtures  of,  346 
Hydrochloric  acid,  fixing  of,  as  test  for 
basic  compounds,  92 
reaction  with  hydroxamic  acids  or 
oximes,  161 

in  tests  for  basic  or  acidic  behavior,  89 
Hydrocyanic  acid  (Prussic  acid),  alkali 
palladium  dimethylglyoxime  test  for, 
338 

color  reaction  with  benzidine  and 
copper  acetate  or  2,7-diamino- 
fluorene,  242 

detection  by  benzidine  acetate  and 
copper  acetate  in  test  for  emulsin,  320 
in  test  for  nitrogen,  73 
in  illuminating  gas,  338 
interference  in  detection  of  volatile 
acids  by  iodide-iodate  mixtures,  95 
in  palladium  chloride  test  for  carbon 
monoxide,  240 

liberation  from  amygdalin,  as  test  for 


emulsin,  320 

reaction  with  mercuric  chloride,  243 
summary  of  tests,  380 
[ydrofluoric  acid  test  for  fluorine,  68 
[ydrogen,  potassium  thiocyanate  test 
for,  63 

sodium  sulfite  test  for,  61 
summary  of  tests,  372 
reactive,  summary  of  tests,  3/6 
[ydrogen  chloride,  see  Hydrochloric  acid 
[ydrogen  cyanide,  see  Hydrocyanic  acid 
[ydrogen  fluoride,  see  Hydrofluoric  acid 
[ydrogen  halides,  interference  in  saponi¬ 
fication  test  for  acetates,  179 
lydrogen  iodide,  see  Hydriodic  acid 
Ivdrogen  peroxide,  catalysis  of  de¬ 
composition,  as  test  for  peroxidase, 

321 
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decomposition  of,  as  test  for  catalase, 
321 

detection  by  titanium  salts  or  lead 
sulfide  paper,  321 

organic  derivatives  of,  test  for,  by 
release  of  iodine,  99 
oxidation  of  />-phenylenediamine  by, 
153 

Hydrogen  sulfide,  detection  by  lead 
acetate,  61 

by  sodium  nitroprusside,  61 
interference  in  palladium  chloride  test 
for  carbon  monoxide,  240 
in  protective  layer  test  for  acetylene, 
237 

set-up,  39  (Fig.  22) 

test  for  carbon  disulfide  in  presence  of, 
303 

and  sodium  pentacyanoammine  ferroa- 
te,  test  for  unsaturated  aldehydes, 
156 

Hydrophobic  character  of  organic 
compounds,  influence  of,  5,  12 
Hydroquinol,  color  reaction  in  formalin 
test,  107 

with  metaldehyde,  276 
with  phloroglucinol,  277,  281 
with  ^-phthalaldehyde,  280 
detection  of,  134,  279 
phloroglucinol  test  for,  279 
o-phthalaldehyde  test  for,  278 
summary  of  tests,  380 
Hydroquinol  carboxylic  acid,  color  reac¬ 
tion  with  o-phthalaldehyde,  278 
Hydroquinol  monomethyl  ether,  color 
reaction  with  nitrosonaphthol,  292 
Hydroquinone,  see  Hydroquinol 
Hydroxamic  acids,  hydroxylamine  test 
for,  161 

reaction  with  ferric  chloride,  170 
with  hydrochloric  acid,  161 
summary  of  tests,  376 
test  for,  by  oxidation  of  hydroxylamine 
to  nitrous  acid,  161 

Hydroxy  acids,  detection  in  vinegar,  350 
summary  of  tests,  376 
a-Hydroxy  acids,  decomposition  of,  239 
oxidation  by  periodic  acid,  101 
o-Hydroxyaldehydes,  condensation  with 
hydrazine,  158 

conversion  to,  test  for  phenols,  135 

fluorescence  test  for,  136 

general  test  for,  9 

summary  of  tests,  376 

test  for,  by  formation  of  aldazines, 


a-Hydroxyaldehydes,  oxidation  by  peri¬ 
odic  acid,  101 

w-Hydroxybenzaldehyde,  detection  of, 
104,  109,  135,  141,  148,  150,  152,  154, 
157 

o-Hydroxybenzaldehyde  ( see  also  Salicyl- 
aldehyde),  detection  of,  135,  141, 
148,  150,  154 

^>-Hydroxvbenzaldehyde,  detection  of, 
109,  135,  141,  148,  151,  157 
/>-Hydroxybenzene-(  1  -azo-6)-2-allylmer- 
captobenzothiazole,  detection  of,  228 
w-Hydroxybenzoic  acid,  color  reaction 
with  o-phthalaldehyde,  278 
detection  of,  137 

o-Hydroxybenzoic  acid,  see  Salicylic  acid 
/>-Hydroxybenzoic  acid,  color  reaction 
with  £>-phthalaldehyde,  280 
detection  of,  135 

o-Hydroxybenzyl  alcohol  (Saligenin),  for¬ 
mation  from  salicin,  365 
a-Hvdroxy-M-butyraldehyde,  detection 
of,  150 

a-Hydroxybutyric  acid,  color  reaction 
with  ^-hydroxydiphenyl,  251 
m-Hydroxycinnamic  acid,  detection  of, 
135 

Hydroxydiazo  compounds,  formation  of, 
127 

test  for  azoxy  compounds  by  conversion 
to,  127 

8-Hydroxy- 1 , 2-dihydroquinoline,  forma¬ 
tion  and  oxidation,  284 
wi-Hydroxydiphenyl,  color  reaction  with 
o-phthalaldehyde,  279 
o-Hydroxydiphenyl,  color  reaction  in  for¬ 
malin  test,  107 
with  o-phthalaldehyde,  279 
detection  of,  137 
fluorescence  tests  with,  251 
test  for  lactic  acid,  251 
for  pyruvic  acid,  252 
^-Hydroxydiphenyl,  color  reactions  by 
251 

in  formalin  test,  107 
detection  of,  109,  137 
reaction  with  acetaldehyde,  250 
test  for  lactic  acid,  250 

Hydroxy  fatty  acids,  detection  in  fats  and 
oils,  352 

diphenylcarbazide  test  for,  352 
Hyd30XyfiaVanOlS'  fluorescence  test  for, 

summary  of  tests,  380 
Hj  droxyglutaconic  aldehyde  dianilide 
formation  of,  317 
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Hydroxyhydroquinol,  color  reaction  with 
phloroglucinol,  279,  281 
with  o-phthalaldehyde,  278 
detection  of,  280 
/>-phthalaldehyde  test  for,  280 
summary  of  tests,  380 
Hydroxyhydroquinone,  color  reaction 
with  pyrocatechol,  277 
a-Hydroxyketones,  oxidation  by  periodic 
acid,  101 

Hydroxylamine,  behavior  with  periodic 
acid,  101 

interference  in  tests  for  ascorbic  acid, 
308 

oxidation  to  nitrous  acid,  161 
reaction  with  acid  chlorides,  171 
with  carboxylic  esters,  171 
with  lactones,  171 
with  sulfone  chloride,  183 
reduction  of  ammoniacal  cupric  so¬ 
lutions  by,  307 

test  for  oximes  and  hydroxamic  acids, 

161 

2-Hydroxy-3-methoxybenzaldehyde, 
color  reaction  with  metaldehyde,  276 
with  phloroglucinol,  277 
2-Hydroxy-5-methoxybenzaldehyde, 
color  reactions  by,  280 
test  for  phloroglucinol,  280 
4-Hydroxy-5-methoxyisophthalaldehyde, 
see  Guiacoldialdehyde 
Hydroxymethylfurfural,  formation  by 
disintegration  of  cellulose,  355 
from  hexoses,  288 
reaction  with  o-dianisidine,  288 
2-Hydroxy- 1-naphthaldehyde,  detection 
of,  151,  152 

2- Hydroxy naphthalene-8-sulfonic  acid, 
see  Crocein  acid 

l-Hydroxy-2-naphthoic  acid,  color  re¬ 
action  with  o-phthalaldehyde,  279 

3- Hydroxy-2-naphthoic  acid,  color  re¬ 
action  with  o-phthalaldehyde,  279 

8-Hydroxynaphthylhydrazine-3,6- 

disulfonic  acid,  213 

^-(p-Hydroxyphenyl)alanine,  see  '1  yrosine 

4- Hydroxyphenylethylamine,  see  iyr- 
amine 

Hydroxyproline,  detection  of,  209 
reaction  with  ninhydrin,  208 
8-Hydroxyquinaldine,  detection  of,  139 
Hydroxyquinoline,  interference  in  copper 
halide  test  for  halogens,  65 
8-Hydroxyquinoline  (Oxine),  adsorption 
from  gas  phase,  138,  275 
on  magnesium  hydroxide,  137 


color  test  for  ferric  oxide,  56 
detection  of,  135,  139,  206,  279 
of  basic  behavior  of,  93 
of  mineral  constituents  in  paper  by 
332 

fluorescence  test  for,  137 
formation  of,  as  test  for  glycerol,  284 
in  ignition  tests,  55 
oxidative  decomposition  of,  83 
reaction  with  alizarin,  110 

with  metal  carbonates,  138,  275,  332 
with  metal  ions,  274,  284,  332 
with  metal  oxides,  138,  274,  275,  284, 
332 

solubility  of,  138,  275 
summary  of  tests,  380 
synthesis,  10 

test  for,  by  adsorption  on  alumina  or 
magnesia,  274 
use  in  analysis,  11 

and  derivatives,  solubility  behavior  of, 
110 

summary  of  tests,  376 
8-Hydroxyquinoline-5-sulfonic  acid, 
detection  of,  139 

8-Hydroxyquinoline-7-sulfonic  acid, 
detection  of,  139 

a-Hydroxysulfonic  acids,  alkali  salts,  for¬ 
mation  of,  140 

a-Hydroxy-a-trifluoromethyl  propionic 
acid,  detection  of  fluorine  in,  69 
Hypobromites,  reaction  with  amino  acids, 
206 

Hypochlorites,  reaction  with  amino  acids, 
206 

Hypophysis  preparations,  reaction  with 
/j-dimethylaminobenzaldehyde,  294 

I 

Identification,  chemical  methods,  im¬ 
portance  of,  233 
limit,  2 

physical  methods  of,  233 
Igniting  as  preliminary  operation,  28 
Ignition  residues,  composition  of,  53 
dissolution  of,  82 
examination  of,  54 
solubility  of,  53 

Illuminating  gas,  detection  of  hydrogen 
cyanide  in,  338 

Imides,  interference  in  hydrochloric  acid 
test  for  basic  compounds,  92 
Imides  of  dicarboxylic  acids,  reaction 
with  resorcinol,  175 

Impregnated  reagent  paper,  spotting  on, 
44 
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Impurities  in  foods,  drugs,  and  cosmetics, 
detection  of,  347 

Increase  of  sensitivity  of  spot  reactions,  17 
by  shaking  out  with  organic  liquids,  37 
Indican,  detection  of  emulsin  by,  318 
Indicators,  protein  error  of,  293 
Indigo,  conversion  to,  as  test  for  methyl 
ketones,  160 
formation  of,  160 

as  test  for  acetic  acid,  248 
Indirect  tests,  6,  17 

Individual  organic  compounds,  identifi¬ 
cation  of,  233ff 

Indole  (Benzpyrrole),  color  reaction  with 
formaldehyde,  242 
detection  of,  198,  223 
reaction  with  />-dimethylamino- 
benzaldehyde,  199 

Indole  bases,  formation  from  proteins,  294 
reaction  with  />-dimethylamino- 
benzaldehyde,  294 
Indolone,  formation  of,  160 
/f-Indolylalanine,  see  Tryptophan 
Indophenin,  formation  of,  313 
reaction  for  thiophen,  313,  338 
Indophenol  dyes,  formation  of,  120,  132, 
133,  296,  356 

INH,  see  Isonicotinic  acid  hydrazide 
Inner  complex  compounds,  behavior  on 
heating,  82 

Inner  complex  nickel  salts  from  1,2- 
dioximes,  142 

Inorganic  material,  distinction  from 
organic  material  by  tests  for  carbon 
57 

Inorganic  oxidizable  materials,  inter¬ 
ference  in  potassium  iodate  test  for 
carbon,  60 

Insecticides,  detection  of  phosphorus  in 
78 

of  free  sulfur  in,  336 
Inulase,  detection  by  inulin,  318 
Inulin,  detection  of  inulase  by,  318 
Invertase,  detection  by  cane  sugar,  318 
Iodic  acid,  reduction  by  organic 
compounds,  102 

Iodine,  formation  and  reaction  with 
sodium  salt  of  azidodithiocarbonic 
acid,  302,  335 

liberation  from  iodide  by  chloranil,  322 
reaction  with  lanthanum  nitrate  and 
alkali  acetates,  247 
with  lanthanum  nitrate  and  alkali 
propionates,  247 

release  of,  as  test  for  oxidants,  99 
summary  of  tests,  372 


Iodine-azide  reaction,  catalysis  by  carbon 
disulfide,  301,  302,  335 
by  dithiocarbamates,  169 
by  sulfur  dyes,  335 
as  test  for  dithiocarbamates,  187 
for  sulfides,  70,  71,  72 
for  sulfur  compounds  in  black 
powder  residue,  354 
for  thioketones  and  thiols,  164 
for  the  detection  of  mercuric  sulfide, 
335 

of  sulfide  sulfur,  335 
of  traces  of  sulfur  in  organic  liquids, 
334 

for  the  distinction  of  animal  and  vege¬ 
table  fibers,  345 
with  disulfides,  165 
for  identification  of  sulfur-bearing 
amino  acids,  330 

Iodine-azide  solution,  preparation  of,  71 
Iodide-iodate  mixtures,  detection  of  vola¬ 
tile  acids  by,  95 
test  for  acidic  compounds,  93 
o-Iodoaniline,  behavior  with  sulfuric  acid, 
129 

Iodobehenate,  calcium  (Catioben), 
detection  of  calcium  in,  367 
Iodoeosin,  detection  of  iodine  in,  65 
7-Iodo-8-hydroxyquinoline-5-sulfonic 
acid,  detection  of,  139 
Iodomercuryethylpyridine-iodomercuria- 
te,  detection  of  mercury  in,  87 
^-Iodophenol,  behavior  with  sulfuric  acid 
129 

Iodosubgallate,  bismuth,  detection  of 
bismuth  in,  363 

Ions,  inorganic,  role  in  organic  spot  test 
analysis,  8 

Iron  ware  for  stocking  of  versatile  spot 
test  laboratory,  24 

Isatin,  condensation  with  thiophen  145 
313,  314 
detection  of,  146 
formation  of,  243 
IsatinqS-imine,  formation  of,  243 

test  for  chloral  by  conversion  to,  243 
Isatin  potassium  sulfonate,  detection  of 
sulfur  in,  71 

Isoleucine  (a-Amino-/?-methylvalerianic 
acid),  detection  of,  209 
Isoniazid,  see  Isonicotinic  acid  hydrazide 
Isonicotinic  acid  (p-Pyridine  carboxylic 
acid),  color  reaction  with  sodium 
pentacyanoammine  ferroate,  122 
isomcotmie^add  hydrazide,  detection  of, 
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reaction  with  phosphomolybdic  acid, 
357 

with  salicylaldehyde,  356 
summary  of  tests,  380 
tests  for,  356 

Isonitrosoacetanilide,  formation  of,  243 
Isonitrosoacetophenone,  detection  of,  121, 
163 

Isonitrosoacetylacetone,  detection  of,  121 
Isonitrosocamphor,  detection  of,  163 
Isonitroso  compounds,  interference  in 
saponification  test  for  acetates,  179 
Isonitrosomethyl  ethyl  ketone,  detection 
of,  163 

J 

Jams,  detection  of  formic  acid  in,  348 
of  saccharin  in,  349 

K 

K-acid  ( 1  -Amino-8-naphthol-4,6- 
disulfonic  acid),  detection  of,  201 
Ketimides,  formation  of,  148 
a-Ketocarboxylic  acids,  decomposition  of, 
239 

Ketohexoses,  detection  of,  287 

stannous  chloride  and  urea  tests  for,  287 
Ketones,  condensation  with  hydrazides, 
217 

differentiation  from  aldehydes,  156 
interference  in  o-dianisidine  test  for 
aldehydes,  148 

in  xanthate  test  for  primary  and 
secondary  alcohols,  130 
reaction  with  azobenzenephenyl- 
hydrazine  sulfonic  acid,  152 
Ketones,  aliphatic  methyl,  bisulfite  test 
for,  140 

Ketones,  methyl,  detection  of,  by  se¬ 
lective  reduction  of  iodic  acid,  102 
sodium  nitroprusside  test  for,  160 
summary  of  tests,  376 
test  for,  by  conversion  to  indigo,  160 
Ketone  bisulfite,  formation  of,  140 
a-Ketonic  acids,  o-hydroxydiphenyl  test 
for,  252 

Ketoximcs  (see  also  Oximes),  behavior 
with  periodic  acid,  101 
Kjeldahl  disintegration  of  organic 
compounds,  57 

of  organometallic  compounds,  82 

L 

Laboratory  requirements,  21 

Lactate,  calcium,  detection  of  calcium  in, 

367 


Lactic  acid,  color  reaction  with  2,7 
dihydroxynaphthalene,  249 
color  test  for,  250 
detection  of,  251 

in  test  for  volatile  acids,  96 
2,7-dihydroxynaphthalene  test  for,  249 
fluorescence  test  for,  251 
o-hydroxydiphenyl  test  for,  251 
/>-hydroxydiphenyl  test  for,  250 
interference  in  saponification  test  for 
acetates,  179 

reduction  of  pyruvic  acid  to,  252 
summary  of  tests,  380 
Lactones,  reaction  with  hvdroxylamine, 

171 

Lactophosphate  soluble,  calcium, 
detection  of  calcium  in,  367 
Lactose  ( see  also  Milk  sugar),  detection  of, 
131,  132,  141,  289 

Lactosyl  fluoride,  detection  of  fluorine  in, 
68 

Lanolin,  testing  for  admixture  of  fat,  348 
Lanthanum  nitrate,  reaction  with  iodine 
and  alkali  acetates,  247 
with  iodine  and  alkali  propionates, 
247 

Lanthanum  nitrate  and  iodine  test  for 
acetic  acid,  247 

Lassaigne’s  test  for  nitrogen,  73 
for  sulfur,  70 

Laurie  acid,  detection  of  acidic  behavior, 
94,  95 

Lavender  oil,  color  reaction  with  phloro- 
glucinol,  226 
Lead,  dithizone  test  for, 
in  motor  fuels,  344 
in  oils,  345 

in  organic  compounds,  summary  of 
tests,  372 

Lead  acetate,  detection  of  hydrogen 
sulfide  by,  61 
Lead  oxide  paper,  308 
Lead  sulfate,  color  test  with  sodium  rho- 
dizonate,  56 

formation  of,  as  test  for  organic  per- 
compounds,  99 

reaction  with  activated  sulfur,  63 
Lead  sulfide,  oxidation  of,  as  test  for 
organic  per-compounds,  99 
paper,  test  for  hydrogen  peroxide,  321 
Lead  tetraethyl  in  motor  fuels,  detection 
of.  344 

Lead  tetraphenyl  in  motor  fuels,  detection 

of,  344  . 

Lead  trithiocarbonate,  formation  ana 
decomposition  of,  303 
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Leather,  antimony  in,  test  for,  343 
detection  of  oxalic  acid  in,  347 
Le  Rosen  formalin  reaction,  tests  with, 
104 

reagent,  preparation  of,  106 
Leucine  (a-Aminofsocaproic  acid), 
detection  of,  209,  211 
Leuco-aniline  blue,  formation  and 
oxidation  of,  258 
Leucylglycine,  detection  of,  188 
Leucylglycylglycine,  detection  of,  188 
Levulinate,  calcium,  detection  of  calcium 
in,  367 

Levulinic  acid  phenylhydrazone, 
detection  of,  215 

Levulose,  color  reaction  with  chromo¬ 
tropic  acid,  246 

with  pyrogallolcarboxylic  acid,  254 
detection  of,  131,  132,  141,  287,  289 
Liebermann  reaction,  132 
Lime  test  for  arsenic,  79 
for  nitrogen,  72 
for  phosphorus,  77 
Limit  of  detection,  2,  17 
of  identification,  2 

Linalyl  acetate,  detection  of  acetyl  group 
in,  180 

Lipase,  detection  by  olive  oil,  318 
summary  of  tests,  380 
test  for,  by  splitting  of  esters,  320 
Liquid  materials,  sampling  of,  26 
Liquors,  detection  of  glycerol  in,  348 

M 

Macro  reactions  and  spot  reactions,  7 
Magnesia,  adsorption  on,  as  test  for  8- 
hydroxyquinoline,  274 
heating  of  sample  with,  57 
ignition  test  for,  55 
reaction  with  8-hydroxy  quinoline  274 
332 

Magnesium,  detection  in  paper,  332 
Magnesium  hydroxide,  adsorption  of  8- 
hydroxyquinoline  on,  137 
Magnesium  hypoiodite,  test  for  reducing 
sugars,  287 

Magnesium  oxide,  see  Magnesia 
Magnesium  oxinate,  detection  of  carbon 
in,  61 

Malachite  green,  reaction  with  aldehydes 
147  3 

Malic  acid,  color  reaction  with  2,7- 
dihydroxynaphthalene  249 
with  /?,/?'-dinaphthol,  261 
with  naphthoresorcinol,  252 


detection  of,  178,  260 
in  fruit  vinegar,  348 
of  hydrogen  in,  62 
of  tartaric  acid  in  presence  of,  261 
summary  of  tests,  381 
test  with  ^-naphthol,  259 
Malonic  acid,  detection  of,  97 
Malonic  acid  semialdehyde,  formation  of, 
176 

reaction  with  resorcinol,  176 
Malonic  ester,  detection  of,  140,  222 
Maltose,  detection  of,  102,  132,  289 
Mandelate,  calcium,  detection  of  calcium 
in,  367 

Mandelic  acid,  color  reaction  in  formalin 
test,  107 
detection  of,  97 

reaction  with  potassium  thiocyanate, 
63 

Mandelonitrile,  detection  of,  155 
Manganese  dioxide,  reduction  of,  as  test 
for  ascorbic  acid,  305 
Manganese  dioxide  paper,  preparation, 
305 

Manganese111  oxide,  color  test  with 
benzidine,  56 

Manganese-silver  reagent  paper,  prepara¬ 
tion  of,  347 

Manganous  sulfate  and  phosphoric  acid 
test  for  chlorates  in  explosives.  353 
Mannite,  detection  of  carbon  in,  59,  60,  61 
Mannitol,  detection  of,  102,  131,  132 
reaction  with  periodic  acid,  130 
Mannose,  detection  of,  132 
Marmalade,  detection  of  formic  acid  in 
348 

Masking  of  dimethylglyoxime  test  for 
nickel  by  biuret,  319,  331 
of  reactions,  as  indirect  test,  17 
Medicinals,  detection  of  antimony  in,  362 
of  bismuth  in,  363 
of  calcium  in,  366 

Medium,  role  in  organic  spot  test  analysis, 
o 

Melting  point,  determination  of  as  ex¬ 
ploratory  test,  50 

Menthol,  color  reaction  with  o-phthalalde- 
hyde,  278 

Mercaptans,  see  Thiols 
Mercapto  compounds,  interference  in 
cuprous  salts  test  for  acetylene,  236 
Mercaptobenzothiazole,  detection  of,  168 
oxidative  decomposition  of,  84 

Mercaptophenylthiothiodiazolone, 

cuprous  salt,  reaction  with  cyanide 
ion,  75 
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Mercuric  chloride,  reaction  with  formic 
acid  and  alkali  formates,  246 
with  hydrocyanic  acid,  243 
test  for  formic  acid,  246 

Mercuric  ions,  interference  in  ammonia 
test  for  urease,  319 

Mercuric  nitrate  and  nitrous  acid,  re¬ 
action  with  aniline  or  phenol  ethers, 
134 

test  for  phenols,  134 

Mercuric  sulfide,  detection  by  iodine- 
azide  reaction,  335 

Mercurous  chloride,  formation  and  de¬ 
tection  of,  246 

Mercury  dropper,  32  (Fig.  14) 
in  iodine-azide  test  for  sulfur,  334 
organic  compounds  of,  interference  in 
stannite  test  for  bismuth,  364 
test  for  bismuth  in  presence  of,  364 
in  organic  compounds,  summary  of 
tests,  372 

precipitation  by  antimony  sulfide  paper, 

44 

vapor,  detection  by  cuprous  iodide,  85 
by  palladium  chloride,  85 
volatilization  test  for,  85 

Mercury  chromate,  reaction  with 
acetylene,  237 

Mercury  halides,  reaction  with  cuprous 
iodide,  87 

Mesitylene,  color  reaction  in  formalin  test, 
107 

Mesoxalic  acid,  color  reaction  with  p,p'- 
dinaphthol,  261 

with  pyrogallolcarboxylic  acid,  253 
decomposition  by  sulfuric  acid,  253 

Metals,  detection  in  organic  compounds, 

82  , 
in  organic  compounds,  summary  oi 

tests,  372 

Metal  oxinates,  fluorescence  of,  11,  15, 
138,  274,  284,  332 

Metal  phosphates,  color  test  with 
ammonia,  56 

with  ammonium  molybdate,  56 
with  benzidine,  56 
with  nitric  acid,  56 

Metal  utensils  for  stocking  of  versatile 
spot  test  laboratory,  23 

Metaldehyde,  color  reactions  by,  276 
with  />-hydroxydiphenyl,  251 
fluorescence  test  with 
o-hydroxydiphenyl,  251 
test  for  pyrocatechol,  276 

Metallo-organic  compounds,  see  Orga- 
nometallic  compounds 


Meta-purpuric  acid,  see  4-Nitro-2- 
hydroxylamino-3-cyanophenol 
Methionine  (2-Amino-4-methylthiobuta- 
noic  acid),  detection  of,  211 
o-Methoxyphenol,  see  Guiacol 
Methyl  alcohol,  detection  of,  130,  245 
oxidation  to  formaldehyde,  244 
reaction  with  potassium  permanganate, 
244 

summary  of  tests,  381 
test  for,  by  conversion  to  formaldehyde, 
244 

Methylamine,  detection  of,  98,  210 
Methylaniline,  color  reaction  with  nitric 
acid,  204 
detection  of,  206 

Methyl  cellulose,  reaction  with  phosphoric 
acid  and  aniline  acetate,  289 
saponification  of,  for  aniline  acetate 
test,  355 

6-Methyl-4,5-dihydroxysalicylaldehyde, 
detection  of,  159 

Methylene  blue,  oxidative  decomposition 
of,  84 

test  for  reducing  sugars,  287 
Methylene  compounds,  summary  of  tests, 
376 

Methylenedisalicylic  acid,  reaction  with 
nitrosylsulfuric  acid,  185 
with  sulfosalicylic  acid,  13,  185 
with  sulfuric  acid,  184 
test  for  sulfonic  acids,  sulfinic  acids, 
sulfonamides,  and  sulfones,  184 
for  sulfosalicylic  acid,  271 
Methyl  ethyl  ketone,  color  reaction  with 
guiacoldialdehyde,  282 
detection  of,  141,  143,  160,  161 
N-Methylglucamine  antimonate  (Glucan- 
time),  detection  of  antimony  in,  362 
4-Methylhaematommic  acid,  detection  of, 
159 

Methylheptanone,  detection  of,  143,  160, 
161 

Methyl  p-hydroxybenzoate,  detection  of, 
135 

2-Methyl-8-hydroxyqui noline,  detection 
of,  139 

formation  from  crotonaldehyde,  28o 
tf-Methylindole,  see  Skatole 
Methyl  iodide  and  sodium  1,2-naphtha- 
quinone-4-sulfonate  test  for  tertiary 
ring  bases  and  oxonium  compounds, 
224 

Methyl  ketones,  see  Ketones,  methyl 

Methyl  a-naphthylcarbodithionate, 

detection  of,  167,  173 
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Methyl  a-naphthyl  ketone,  color  reaction 
with  guiacoldialdehyde,  282 
Methyl  ^-naphthyl  ketone,  color  reaction 
in  formalin  test,  107 

1-Methyl- 1-phenylhydrazine,  detection  of, 
213,  214 

Methyl  red  (/>-Dimethylaminobenzene-o- 
carboxylic  acid),  detection  of,  211 
oxidative  decomposition  of,  84 
Methyl  salicylate,  color  reaction  in  for¬ 
malin  test,  107 
detection  of,  135,  173,  268 
Methyl  stearyl  ketone,  detection  of,  160 
/1-Methylthiophen,  condensation  with 
isatin,  314 

Methylurea,  detection  of,  300 
Methylxanthic  methyl  ester,  detection  of 
166 


Michler’s  ketone,  detection  of,  196 
Micro  beaker,  aluminum  support  for  29 
(Fig-  9) 

water  bath  for,  29  (Fig.  8) 
Microcentrifuge  tube,  35  (Fig.  17) 
Microchemical  apparatus,  standardi¬ 
zation,  23 
equipment,  23 

Microdistillation  apparatus,  41  (Fig  29) 
Microfiltration,  35  (Fig.  16) 

Micromortar,  27  (Fig.  4) 

Micro  pipet-buret,  32 
Microsieve,  27  (Fig.  5) 

Milk  sugar  (see  also  Lactose),  color  re- 
action  with  chromotropic  acid  245 
Millon  test,  134 

Mineral  acids,  detection  of  acetic  acid  in 
presence  of,  248 
in  vinegar,  350 

interference  in  detection  of  organic 
acids  through  fixing  of  ammonia, 

Mlof,r332°nStitUentS  ^  papers-  detection 
Mmeral  oils,  test  for  waxes  and  resins  in. 


detection  by  con 


method  of 


organ 


Mineral  substances, 
bustion  test,  52 
Mixing  of  solids,  26 

Molecular-analytical 
analysis,  233 
Molybdates,  reaction  with  diphenyl- 
carbazide,  299 
with  xanthates,  129 
Molybdenum-benzoinoxime  precipitate 
oxidative  decomposition  of  84 
Molybdenum  blue,  formation  of  13  « 
*9,  77,  102,  238,  306,  358.  359  ’ 


Molybdenum  oxinate,  oxidative  decom¬ 
position  of,  84 

Molybdenum-tannin  precipitate, 
oxidative  decomposition  of,  84 
Molybdenum  trioxide,  reaction  with 
organic  compounds,  13 
test  for  carbon,  58 

Molybdic  ions,  reaction  with  benzidine, 
77 

Molybdic  oxide,  color  test  with  potassium 
xanthate  and  hydrochloric  acid,  56 
heating  of  sample  with,  57 
Monochloroacetic  acid,  detection  of,  172 
Monoethanolamine  test  for  halogens,  66 
Monoformin,  detection  of,  285 
Monosaccharides,  formation  from  poly¬ 
saccharides,  288 
reaction  with  periodic  acid,  131 
Montan  wax,  behavior  in  hydroxamic  acid 
test  for  esters,  346 

Mordants,  antimony  and  tin,  detection 
in  fabrics,  342 

Morin  (5,7,2',4'-Tetrahydroxyflavanol), 
detection  of,  310,  311 
fluorescence  test  for,  309,  350 
lake  formation  with  gallium  hydroxide 
312 

reaction  with  beryllate,  310 
with  gallium  cupferronate,  311 
with  zirconium  chloride,  310,  350 
summary  of  tests,  381 
test  for  thallium,  311 
for  tin,  344 

Morin  and  gallium  chloride  test  for  cup- 
ferron  and  neocupferron,  311 
Motor  fuels,  detection  of  antiknock  agents 
in,  344  6 

of  corrosive  sulfur  in,  335 
of  lead  compounds  in,  344 
Mucic  acid,  detection  of,  131,  132 
Munktell  filter  paper,  47 

M  orid’  detection  of  acidic  behavior 
01,  y4,  1)5 


Naphthalene,  color  reaction  in  formalin 

detection  of,  106 

heating  with  sodium  sulfite  6-> 

^wifhanhtthalene  derivatives/  behavior 
with  potassium  cyanide,  126 

a-Naphthaiene^finic  acid,  detection  of, 
/3-Naphthalenesuifonic  acid>  detection  of> 

Naphthalic  acid,  detection  of,  178 
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I,2-Naphthaquinone-4-sulfonates, 

reaction  with  alkylation  agents  and 
tertiary  ring  bases  or  oxonium 
compounds,  224 

with  reactive  CH2  and  NH2  groups, 

221 


Naphthoic  acid,  color  reaction  in  formalin 
test,  107 

a-Naphthol,  color  reaction  with  metalde- 
hyde,  276 

with  phloroglucinol,  281 
with  o-phthalaldehyde,  279 
detection  of,  109,  133,  135,  137 
of  hydrogen  in,  62 

^-Naphthol,  color  reaction  in  formalin 
test,  107 

with  metaldehyde,  276 
with  nitrosonaphthol,  292 
with  phloroglucinol,  281 
with  o-phthalaldehyde,  279 
detection  of,  109,  135,  137 
test  for  malic  acid,  259 
Naphthol  monosulfate,  calcium  (Asaprol), 
detection  of  calcium  in,  367 
Naphthoresorcinol,  color  reactions  by, 
252 


in  formalin  test,  107 
with  phloroglucinol,  277 
with  pyrocatechol,  278 
detection  of,  137 
test  for  glyceric  acid,  251 
a-Naphthoquinoline,  detection  of,  206 
^-Naphthoquinoline  iodomethylate, 
detection  of,  223 

a-Naphthylamine,  detection  of,  195,  201 
of  basic  behavior  of,  91,  92,  93 
reaction  with  />-diazoniumbenzene 
sulfonic  acid,  161 
with  glutaconic  aldehyde,  295 
with  selenious  acid  and  phenyl- 
hydrazine,  214 

a-Naphthylamine  and  selenious  acid  test 
for  arylhydrazines,  214 
for  arylhydrazones,  216 
for  osazones,  216 

^-Naphthylamine,  detection  of,  195,  -01, 


223 

Naphthylamine  hydrochloride,  color 
reaction  in  formalin  test,  107 
l  8-Naphthyldiamine,  detection  of,  2<>L 
a-Naphthyldithiocarboxylic  acid  met  i> 
ester,  detection  of,  167,  173 
Naphthylhydrazine,  detection  of,  21.) 
Native  proteins,  specific  reaction  for,  ... 
Natural  products,  spot  reactions  in  the 
study  of,  329 


Negative  groups,  o  and  p,  interference  in 
test  for  reactive  NH2  groups,  221 
Neocupferron(Nitroso-a-naphthylhydrox- 
ylamine,  ammonium  salt),  detection 
of,  313 

gallium  chloride  and  morin  test  for,  311 
summary  of  tests,  381 
Neostibosan,  see  Diethylamino-/>-phenyl- 
antimonate 

Neoteben,  see  Isonicotinic  acid  hydrazide 
Nessler  reaction,  for  detection  of  urea, 
301,  319 

reagent  for  the  detection  of  ammo¬ 
nium  salts  in  explosives,  354 
preparation  of,  97,  301 
in  test  for  organic  acids,  96 
test  for  the  detection  of  saccharin,  349 
for  the  differentiation  of  vinegars, 


350 

Neurosin,  see  Glycerinophosphate, 
calcium 

Nickel,  demasking  in  complex  biuret 

anions  by  acidic  compounds,  331 
by  urease,  319,  351 
as  test  for  nitrogen  bases,  331 
Nickel  biuret,  detection  of  acid  and  basic 
compounds  by,  330 
of  streptomycin  and  dihydrostrepto¬ 
mycin  by, 359 

Nickel  carbonyl,  detection  in  benzene,  345 
Nickel  dimethylglyoxime,  detection  of 
carbon  in,  61 

equilibrium  solution,  in  ignition  tests, 
55 

tests  for  basic  compounds,  90,  97 
formation  of,  as  test  for  acid  and  basic 
compounds,  331 

as  test  for  streptomycin  and  dihydro¬ 
streptomycin,  359 
masking  of  formation,  as  test  for 

ethylenediaminetetraacetic  acid,  265 
test  for  the  detection  of  calcium,  360 
Nickel  dioxime  salts,  test  for  1,2-dioxo 
compounds  by  conversion  to,  142 
Nickel  diphenylcarbazide,  formation  oi, 


ckel  ions,  reaction  with  biuret,  319,  330 
ckel“  oxide,  color  test  with  dimethyl¬ 
glyoxime,  56  , 

ckelIV  oxyhydrate,  formation  of,  as  tes 

for  sulfite,  181 

ckel  salts,  inner  complex,  from 
1,2-dioximes,  142 

reaction  with  diphenylcarbazide,  * . 

with  diphenylthiocarbazide,  300 
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Nicotinic  acid  hydrazide  (m-Pyridine 
carboxylic  acid  hydrazide),  detection 
of,  217 

Nihydrazide,  see  Isonicotinic  acid 
hydrazide 

Ninhydrin  (Triketohydrindene  hydrate) 
condensation  with,  as  test  for 
thiophen,  315 
with  thiophen,  145,  316 
reaction  with  a-amino  acids,  207 
with  /1-amino  acids,  208  > 

with  primary  and  secondary  aliphatic 
amines,  208 

with  ascorbic  acid,  208,  308 
with  glucose,  209 
with  hydroxyproline,  208 
with  proline,  208 
removal  of  thiophen  by,  338 
test  for  a-amino  acids,  207 
for  ascorbic  acid,  208,  308 
Niobium  pentoxide,  reduction  to  niobium 
trioxide,  63 

Niobium  trioxide,  formation  by  reduction 
of  pentoxide,  63 
Nitranilines,  detection  of,  124 
m-Nitraniline*  detection  of,  201,  222 
o-Nitraniline,  detection  of,  201 
p-Nitraniline,  detection  of,  196,  201 
Nitrates,  detection  in  presence  of  insoluble 
nitro  compounds,  354 
reaction  with  diphenylamine  or 
diphenylbenzidine,  126 
summary  of  tests,  376 
test  for,  by  oxidation  of  diphenylamine 
or  diphenylbenzidine,  126 
testing  of  black  powder  for,  353 
Nitric  acid,  color  reactions  by,  204 
color  test  for  metal  phosphates,  56 
heating  of  sample  with,  57 
test  for,  by  oxidation  of  pentachloro- 
phenol  to  chloranil,  323 
for  secondary  aromatic  amines, 


esters>  detection  in  textiles,  354 
i  itriles  catalysis  of  the  oxidation  o 
/>-phenylenediamine  by,  153 
reaction  with  fluorescein  chloride  19’ 
summary  of  tests,  376 
Nitrites  interference  in  saponificatior 
test  for  acetates,  179 
reaction  with  diphenylamine  or 
diphenylbenzidine,  126 
summary  of  tests,  376 

°?Kdation  of  diPhenylamine 
or  diphenylbenzidine  1^6 

Nitroalizarin,  detection  of  carbon  in,  61 


a-4-Nitroazoxybenzene,  behavior  with 
sulfuric  acid,  128 

/9-4-Nitroazoxybenzene,  behavior  with 
sulfuric  acid,  128 

Nitrobenzaldehydes,  detection  of,  124 
w-Nitrobenzaldehyde,  detection  of,  141, 
148,  157 

o-Nitrobenzaldehyde,  detection  of,  141, 
148,  151,  152,  154,  157 
of  nitrogen  in,  75 
reaction  with  acetone,  160,  248 
/>-Nitrobenzaldehyde,  detection  of,  151 
152,  154,  157 

Nitrobenzene,  detection  of,  100,  124 
w-Nitrobenzoic  acid,  detection  of,  124 
o-Nitrobenzoic  acid,  detection  of,  100 
/>-Nitrobenzoic  acid,  detection  of,  124 
/>-Nitrobenzoic  acid  hydrazide,  detection 
of,  217,  221 

Nitrocellulose  in  explosives,  detection  of 
354 

Nitrocinnamic  acids,  detection  of,  124 
Nitrocompounds,  behavior  on  heating. 


distinction  from  nitrous  esters,  126 
insoluble,  detection  in  presence  of 
nitrates,  354 
reduction  test  for,  123 
summary  of  tests,  376 
Nitrogen,  calcium  oxide  test  for,  72 

fusion  with  alkali  metals  as  test  for  73 
lime  test  for,  72 

simultaneous  test  for  sulfur  and,  76 
summary  of  tests,  372 
Nitrogen  bases,  test  by  demasking  of 
nickel,  331 

salts  of,  detection  of,  331 

interference  in  detection  of  organic 
acids  through  fixing  of  ammonia. 


O  ‘-'aovo, 


tertiary 

Nitrogenous  compounds,  interference  in 
erne  thiocyanate  test  for  oxygen,  81 
Xitroglycero,  ln  explosives,  detection  of 
o  54  ' 


'-'J  cwiWjpiJCHUI, 


formation  of,  125 

Nitronaphthalene,  color  reaction  in 
formalin  test,  107 
a-Nitro-/?-naphthol,  oxidation  of 
a-nitroso-/5-naphthol  to,  292 
4,5-Nitronaphthyiaminej  detection  of,  124 
o-Nitrophenol,  detection  of,  124  133 
/’-Nitrophenol,  detection  of  124  134 

of  nitrogen  in,  75 
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Nitrophenylarsonic  acid,  detection  of 
arsenic  in,  80 

w-Nitrophenylhydrazine,  detection  of, 

124,  213,  214,  215 

o-Nitrophenylhydrazine,  detection  of, 

124,  213,  214 

^-Nitrophenylhydrazine,  detection  of, 

124,  213,  215 

o-Nitrophenyl  lactyl  ketone,  formation  of, 
160,  248 

w-Nitrophthalic  acid,  detection  of,  177 
w-Nitrophthalic  anhydride,  detection  of, 
175 

Nitroprusside  test  for  glycerol,  283,  348 
Nitroprusside  and  piperidine  test  for 
acetic  acid,  249 

6-Nitroquinoline,  detection  of,  124,  206 
3-Nitrosalicylaldehyde,  detection  of,  152 
5-Nitrosalicylaldehyde,  detection  of,  152 
5-Nitrosalicylaldehyde  bisulfite,  detection 
of,  155 

/>-Nitrosoaniline,  detection  of,  123 
/>-Nitroso-aromatic  amines,  palladium 
chloride  test  for,  122 
reaction  with  palladium  chloride,  122 
summary  of  tests,  376 
Nitroso  compounds,  behavior  on  heating, 
82 

reaction  with  pentacyano  ferroate  com¬ 
plexes,  121 
with  phenol,  120 
summary  of  tests,  376 
test  for,  with  phenol  and  sulfuric  acid, 
120 

with  sodium  pentacyano  ferroate 
complexes,  121 

Nitroso  compounds,  aromatic,  test  for 
primary  aromatic  amines  by  conden¬ 
sation  with,  203 

^-Nitrosodiethylaniline,  detection  of,  123, 
206 

Nitrosodimethylaniline,  reaction  with 
primary  aromatic  amines,  203 
p-Nitrosodimethylaniline,  detection  of, 

121,  123 

p-Nitrosodiphenylamine,  detection  of,  123 
5-Nitroso-8-hydroxyquinoline,  reaction 

with  primary  aromatic  amines,  203 
test  for  phenols,  133 
Nitrosonaphthols,  detection  of,  121 

interference  in  palladium  chloride  test 
for  ^-nitroso-aromatic  amines,  123 
reaction  with  palladium  chloride,  123 
a-Nitroso-/S-naphthol,  detection  of,  163 
of  nitrogen  in,  73,  75 
oxidation  to  a-nitro-jS-naphthol,  292 


oxidative  decomposition  of,  83 
test  for  tyrosine,  292 
^-Nitroso-a-naphthol  detection  of,  163 
Nitroso-a-naphthylhydroxylamine, 
ammonium  salt,  see  Neocupferron 
/>-Nitrosophenol,  detection  of,  121 
of  nitrogen  in,  73,  75 
Nitrosophenylhydroxylamine,  ammonium 
salt,  see  Cupferron 

Nitroso-R-salt,  oxidative  decomposition 
of,  83 

o-Nitrostyrene,  formation  of,  160 
Nitrosylsulfuric  acid,  reaction  w'ith 
methylenedisalicylic  acid,  185 
o-Nitrotoluene,  detection  of,  124 
^-Nitrotoluene,  detection  of,  124 
Nitrous  acid,  oxidation  of  hydroxylamine 
to,  161 

reaction  with  phenols,  132 
with  phenol  ethers,  133 
with  thiophen,  133 
with  urea,  324 
test  for  phenols,  132 

Nitrous  acid  and  mercuric  nitrate,  re¬ 
action  with  aniline  or  phenol  ethers, 
134 

test  for  phenols,  1 34 
Nitrous  esters,  distinction  from  nitro 
compounds,  126 

Noble  metals,  color  test  with  phospho- 
molybdic  acid,  56 
Non-chemical  proofs,  50 
Norstictic  acid,  detection  of,  159 
Nylander’s  solution,  test  for  reducing 
sugars,  287 

Nylon,  behavior  in  test  for  animal  and 
vegetable  fibers,  346 
differentiation  from  animal  fibers,  346 

O 

Octamethyl  pyrophosphoramide, 
detection  of  phosphorus  in,  78 
Odor  tests,  51 
for  halogens,  66 

Oenanthal,  detection  of,  141,  149,  lo2,  154 
Oils,  detection  of  hydroxy  fatty  acids  in, 
352 

of  organic  peroxides  in,  352 
rancidity  of,  tests  for,  351 
test  for  lead  compounds  in,  345 
Oils,  mineral,  test  for  waxes  and  resins  in, 

346 

Oleic  acid,  detection  of,  172 
Olive  oil,  detection  of  lipase  by,  318 
Opianic  acid,  detection  of,  150 
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Optical  examination  of  samples,  50 
methods  of  analysis,  233 
Orange  blossom  oil,  color  reaction  with 
phloroglucinol,  226 

Orcinol,  color  reaction  with  2-hydroxy-5- 
methoxybenzaldehyde,  280 
with  metaldehyde,  276 
with  phloroglucinol,  281 
with  o-phthalaldehyde,  278 
with  pyrocatechol,  277 
detection  of,  134 

/>-Orcinol  aldehyde,  detection  of,  159 
Organic  acids,  detection  through  fixing  of 
ammonia,  96,  339 

Organometallic  acetates,  decomposition 
of,  57 

compounds,  disintegration  of,  82 
ignition  of,  82 

testing  for  functional  groups,  120 
formates,  decomposition  of,  57 
oxalates,  decomposition  of,  57 
Osazones,  selenious  acid  and  a-naphthyl- 
amine  test  for,  216 
summary  of  tests,  477 
Oxalic  acid,  catalysis  of  decomposition  of, 
as  test  for  glycerol,  285 
decomposition  by  acetic  anhydride,  254 
by  sulfuric  acid,  239 
detection  of,  97,  256-258 
of  hydrogen  in,  64 
in  leather,  347 

of  tartaric  acid  in  presence  of,  261 
interference  in  glycolic  acid  test  for 
glyoxalic  acid,  254 
reaction  with  diphenylamine,  257 
with  potassium  thiocyanate,  63 
reduction  to  glycolic  acid,  256 
to  glyoxalic  acid,  256 
summary  of  tests,  381 

test  for,  by  conversion  to  glycolic  acid,  256 

by  conversion  to  glyoxalic  acid,  256 
by  formation  of  aniline  blue,  257 
Oxalic  esters,  solid,  reaction  with 
diphenylamine,  259 
Oxalyldihydrazide,  detection  of,  217 
Oxazine  dyes,  test  for  aromatic  1,2-dioxo 
compounds  by  conversion  to,  144 
Oxidants,  interference  in  cerium  double 
nitrate  test  for  alcohols,  132 
in  fusion  test  for  oxalic  acid,  259 
reaction  with  ferric  hydroxide,  99 
test  for,  by  release  of  iodine,  99 
Oxidation  effects  of  organic  compounds,  99 
Oxidizable  inorganic  compounds,  inter- 
erence  in  molybdenum  trioxide  test  for 
carbon,  58 


Oxidizing  materials,  interference  in  aniline 
blue  test  for  oxalic  acid,  259 
in  ferric  thiocyanate  test  for 
oxygen,  81 

mixture,  heating  of  sample  with,  57 
Oximes,  catalysis  of  the  oxidation  of 
^-phenylenediamine  by,  153 
ltydroxylamine  test  for,  161 
reaction  with  hydrochloric  acid,  161 
summary  of  tests,  377 
test  for,  by  oxidation  of  hydroxylamine 
to  nitrous  acid,  161 

Oxinates,  fluorescence  of,  11,  15,  138,  274, 
284,  332 

Oxine,  see  8-Hydroxyquinoline 
Oxine  sulfonic  acids,  fluorescence  of,  11 
Oxobenzalbutanone  oxime,  detection  of, 
163 

Oxomethylene  compounds,  oxidation  by 
selenious  acid,  142 
summary  of  tests,  377 
test  for,  by  conversion  to  1,2-diketones, 
142 

Oxonium  compounds,  reaction  with 
alkylation  agents,  224 
summary  of  tests,  377 
test  with  methyl  iodide  and  sodium 
l,2-naphthaquinone-4-sulfonate,  224 
Oxygen,  ferric  thiocyanate  test  for,  80 
summary  of  tests,  373 
Oxygen  containing  compounds,  behavior 
in  combustion  tests,  52 
Oxyhydroquinone,  color  reaction  with 
metaldehyde,  276 

P 

Palladium,  colorimetric  determination  by 
^-nitroso-aromatic  amines,  122 
free,  formation  of,  as  test  for  mercury,  85 
Palladium  ions,  reaction  with  carbon 
monoxide,  238 

Palladium  acetylide,  oxidative  decompo¬ 
sition  of,  84 

Palladium  chloride,  paper,  239 
reaction  with  ^-nitroso-aromatic 
amines,  122 

with  nitrosonaphthols,  123 
test  for  p-nitroso-aromatic  amines  122 
Palladium  chloride  and  phosphomolybd*ic 
acid  test  for  carbon  monoxide,  238 
Palladium-dimethylglyoximate,  oxidative 
decomposition  of,  84 

Palladium-furildioximate,  oxidative  de¬ 
composition  of,  84 

Palladium-a-nitroso-/?-naphthol, 

oxidative  decomposition  of,  84 
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Palladium  oxinate,  oxidative  decompo¬ 
sition  of,  84 

Palmitic  acid,  detection  of,  172 
of  acidic  behavior  of,  94,  95 
Pancreatin,  detection  of,  294 
Pantothenate,  calcium,  detection  of  cal¬ 
cium  in,  367 

Paper,  as  active  participant  in  spot  re¬ 
actions,  218 

detection  of  mineral  constituents  in, 
332 

recommended  for  spot  test  use,  47 
Paraffine,  heating  with  sodium  sulfite,  62 
reaction  with  potassium  thiocyanate, 
64 

Paraformaldehyde,  detection  of  hydrogen 
in,  62 

Paraldehyde,  color  reaction  with  />-hydro- 
xydiphenyl,  251 
detection  of,  149,  152 
fluorescence  test  with  o-hydroxydi- 
phenyl,  251 

Para-oxon,  see  Diethyl  />-nitrophenyl 
phosphate 

Parathion,  see  0,0-Diethyl-0-/>-nitro- 
phenyl  thiophosphate 
Penicillamine  (£,/f-Dimethylcysteine),  for¬ 
mation  of,  359 

Penicillin  G,  structure  of,  358 

calcium  salt  of,  detection  of  calcium  in, 
367 

salts,  summary  of  tests,  381 
Penicillin  salts,  test  for  alkalinity,  358 
by  ignition,  358 

with  phosphomolybdic  acid,  358 
Pentachlorophenol,  detection  of,  324 
summary  of  tests,  381 
test  for,  by  conversion  to  chloranil, 
323 

Pentacyano  complexes,  see  Sodium  penta- 
cyano . 

Pentoses,  conversion  to  furfural,  288 
Pepsin,  detection  of,  294 
Peptone,  dried,  detection  of,  294 
Percompounds,  organic,  oxidation  of  lead 
sulfide  as  test  for,  99 

Perfluoro(dicyclohexylethane) ,  detection 

of  fluorine  in,  69 

Periodic  acid,  reaction  with  cane  sugar, 

131 

with  1,2-glycols,  100 
with  monosaccharides,  131 
with  polyhydric  alcohols,  130 
reduction  of,  100 
test  for  polyhydric  alcohols,  130 
Peroxidase,  benzidine  blue  test  for,  3-1 


catalysis  of  oxidation  of  2,7-diamino- 
fluorene  by,  352 

2,7-diaminofluorene  test  for,  352 
summary  of  tests,  381 
test  for,  by  catalysis  of  benzidine  blue 
formation,  321 

Peroxides,  detection  in  fats  and  oils,  352 
interference  in  tetrabase  test  for 
chloranil,  323 
summary  of  tests,  377 
Pertitanate  compounds,  formation  of,  as 
test  for  peroxide,  321 
pH,  influence  on  fluorescence,  15 
Pharmaceuticals,  detection  of  antimony 
in,  362 

of  bismuth  in,  363 
of  calcium  in,  366 
of  free  sulfur  in,  336 
spot  reactions  in  the  testing  of,  329 
Phenanthraquinone,  detection  of,  145, 
146,  189 

distinction  from  aliphatic  dioxo 
compounds,  142 

reaction  with  2-amino-5-dimethyl- 
aminophenol,  144 
with  thiophen,  314 

Phenanthrene,  color  reaction  in  formalin 
test,  107 

o-Phenanthroline,  detection  of  basic  be¬ 
havior  of,  93 

Phenol(s)  (see  also  Carbolic  acid),  color 
reaction  in  formalin  test,  107 
with  metaldehyde,  276 
with  o-phthalaldehyde,  278 
detection  of,  106,  109,  133,  134,  137,331 
by  selective  reduction  of  iodic  acid, 
102 

interference  in  hydrochloric  acid  test 
for  basic  compounds,  92 
5-nitroso-8-hydroxyquinoline  test  for, 

133 

nitrous  acid  test  for,  132 
nitrous  acid  and  mercuric  nitrate  test 
for,  134 

reaction  with  chloranil,  203 
with  chloroform,  273 
with  nitroso  compounds,  120 
with  nitrous  acid,  132 
solubility  behavior  of,  110 
summary  of  tests,  377 
test  for,  by  conversion  to  o-hydroxy- 
aldehyde,  135 

test  for  nitroso  compounds,  120 
Phenol  ethers,  reaction  with  mercuric 
nitrate  and  nitrous  acid,  134 
with  nitrous  acid,  133 
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Phenolase,  detection  by  guaiac  tincture, 
318 


Phenolates,  alkali,  reaction  with  chloro¬ 
form,  135 

Phenolphthalein,  color  reaction  with 
nitrosonaphthol,  292 
oxidative  decomposition  of,  84 
in  tests  for  basic  or  acidic  behavior, 
89 

Phenoxyacetic  acid,  color  reaction  with 
chromotropic  acid,  241 
Phenylacetaldehyde,  detection  of,  143, 
151,  152,  154 

Phenyl  acetate,  detection  of,  173 
Phenylacetic  acid,  detection  of,  172 
Phenylalanine  (a-Amino-/i-phenyl- 
propionic  acid),  detection  of,  211 
Phenylarsonic  acid,  color  reaction  in  for¬ 
malin  test,  107 
detection  of  arsenic  in,  80 

1- Phenyl- l-chloroethylene-2-phosphinic 

acid,  detection  of  phosphorus  in,  78 
Phenylene  blue,  conversion  to,  as  test  for 
/>-phenylenediamine,  296,  356 
formation  of,  296,  356 
^-Phenylenediamine,  catalysis  of  the 

oxidation  of,  as  test  for  aldehydes, 


color  reaction  with  nitric  acid,  204 
conversion  into  phenylene  blue  as  test 
for,  296,  356 

detection  of,  103,  196,  201,  296 
of  basic  behavior  of,  91  92 
in  furs,  356 


in  hair  dyes,  356 

oxidation  by  hydrogen  peroxide,  153 
in  presence  of  aniline,  296,  356 
summary  of  tests,  381 

m-Phenylenediamine  hydrochloride  test 

tor  reducing  sugars,  287 

P1test 1  meT’  COl°r  reaction  in  formal ii 

Phenyl  ethyl  alcohol,  detection  of  130 
1  henylhydrazine,  conversion  to  dithizon, 
as  test  for,  290 

detection  of,  102,  188,  213,  214  215  on 
oxidation  of,  255 


reaction  with  biuret,  299 
with  carbon  disulfide,  291 
with  glyoxalic  acid,  255 
with  guiacol  carbonate,  361 
with  phosgene,  297 

with  selenious  acid  and  a-naphthyl- 
amine,  214  y 

with  thiourea,  300 
with  urea,  299 


summary  of  tests,  381 
test  for  glyoxalic  acid,  255 
Phenyl  isothiocyanate  (Phenyl  mustard 
oil),  detection  of,  166 
l-Phenyl-2-methylaminopropane, 
detection  of,  190 

Phenyl  mustard  oil,  see  Phenyl  isothio¬ 
cyanate 

Phenylquinonediimide,  formation  of,  296, 
356 

oxidative  condensation  with  aromatic 
amines,  296 

Phenyl  salicylate,  detection  of,  135,  137, 
173,  268 

Phenylthiosemicarbazide,  formation  from 
diphenylthiocarbazide,  291 
Phenylthiourea,  color  reaction  with 
sodium  pentacyanoammine  ferroate 
122 


Phenylurethan,  detection  of,  300 
Phloroglucinol  (1,3,5-Trihydroxybenzene) 
color  reactions  by,  226,  277,  279 
in  formalin  test,  107 
with  ^-phthalaldehyde,  280 
with  pyrocatechol,  277 
detection  of,  134,  281 

2-hydroxy-5-methoxybenzaldehyde 

test  for,  280 


reaction  with  epihydrinaldehyde,  353 
summary  of  tests,  381 
test  for  allyl  compounds,  226 
for  hydroquinol,  279 
for  pyrocatechol,  277 
for  pyrogallol,  281 
Phosgene,  conversion  to  diphenyl- 
carbohydrazide  as  test  for,  297 
detection  of,  297 


in  chloroform  and  carbon  tetrachlo¬ 
ride,  297 

reaction  with  hydrazines,  297 
with  phenylhydrazine,  297 


Phosphates,  interference  in  lanthanum 
nitrate  test  for  acetic  acid,  247 

Phosphates  of  bivalent  metals,  ignition 
test  for,  54 

Phosphomolybdate  ions,  decomposition 
by  ammonia,  102 

Phosphomolybdic  acid,  color  test  for 
noble  metals,  56 

detection  of  metallic  silver  by,  59 
of  reductants  by,  334 
reaction  with  carbon  monoxide  033 
with  isonicotinic  acid  hydrazide  357 
reduction  of,  102,  306 

Phosphomolybdic  acid  and  palladium 
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chloride  test  for  carbon  monoxide,  238 
Phosphoric  acid,  ammonium  molybdate 
and  benzidine  test  for,  350 
syrupy,  as  solvent,  111 
Phosphoric  acid  and  manganous  sulfate 
test  for  chlorates  in  explosives,  353 
Phosphorus,  lime  test  for,  77 
summary  of  tests,  373 
o-Phthalaldehyde,  color  reactions  by,  278, 
279 


detection  of,  151,  152,  154,  157 
test  for  hydroquinol,  278 
p-Phthalaldehyde  (Terephthalaldehyde) , 
color  reactions  by,  280 
test  for  hydroxyhydroquinol,  280 
Phthalic  acid,  detection  of,  97,  177 
Phthalic  anhydride,  detection  of,  175 
Phthalimide,  detection  of,  197 
Physical  methods  of  analysis,  233 
role  in  organic  spot  test  analysis,  4 
a-Picoline,  detection  of,  225 
w-Pyridine  carboxylic  acid,  see  Nicotinic 
acid 

Picolinic  acid  hydrazide  (o-Pyridine 

carboxylic  acid  hydrazide),  detection 
of,  103,  217 

Picric  acid,  detection  of,  124,  125 
detection  in  explosives,  354 
Picryl  chloride,  detection  of,  125 
Pinacol  hydrate,  color  reaction  with  o- 
phthalaldehyde,  278 

Piperidine,  detection  of,  188,  190,  194,  223 
Piperidine  and  nitroprusside  test  for 
acetic  acid,  249 

Piperidinium  piperidyldithiocarbamate, 
detection  of,  170 

Piperonal  ( see  also  Heliotropin),  color 
reaction  with  metaldehyde,  276 
detection  of,  150,  152 
Pipet  bottle,  25  (Fig.  2) 

Platinum  spoon  fused  into  glass  tube,  30 

(Fig.  12) 

Plumbite  solution  test  for  carbon  disulfide, 


303,  338  • 

Polyethylene  containers  for  storage  oi 
reactive  reagents,  24 
Polyhalogen  compounds,  behavior  in 
combustion  test,  52 
Polynitroazoxy  compounds,  behavior 
with  sulfuric  acid,  129 
Polysaccharides,  hydrolysis  to  mono¬ 
saccharides,  288 

Populin  (Salicin  benzoate),  conversion  to 
salicylaldehyde  as  test  for,  364 
Porcelain  ware  for  stocking  of  versatile 
spot  test  laboratory,  23 


Portable  kits  for  spot  test  work,  23 
Potassium,  metallic,  reaction  with 
fluorine,  67 

with  nonvolatile  organic  nitrogenous 
compounds,  73 

Potassium  antimonyl  tartrate  (Tartar 
emetic),  detection  of  antimony  in,  362 
Potassium  antimonyl  tartrate  and  tannin, 
as  mordant  for  basic  dyes,  343 
Potassium  cyanide,  reaction  with  m- 
dinitro  compounds,  125 
with  2,4-dinitrophenol,  125 
test  for  w-dinitro  compounds,  125,  354 
Potassium  ethyl  xanthate,  detection  of, 
166,  168 

oxidative  decomposition  of,  84 
Potassium  ferricyanide,  oxidation  of 
acyloins  by,  144 

Potassium  hydrogen  benzene  disulfonate, 
detection  of,  182 

Potassium  hydrogen  benzene  sulfonate, 
detection  of,  184 

Potassium  hydroxide  in  alcohol  flame 
reduction  test  for  sulfur,  71 
Potassium  iodate,  detection  of  organic 
material  by,  333 
heating  of,  60 

reaction  with  organic  compounds,  13 
reduction  by  acetone,  334 
as  test  for  carbon,  60 
Potassium  iodide-iodate,  reaction  with 
acetic  acid,  178 

Potassium  isatin  sulfonate,  detection  of 
nitrogen  and  sulfur  in,  77 
Potassium  mercaptophenylthio- 

thiodiazolone,  detection  of,  168 

Potassium  methionate,  detection  of,  182 
Potassium  permanganate,  oxidation  of 
ethyl  alcohol  by,  245 
reaction  with  methyl  alcohol,  244 
Potassium  persulfate  for  oxidative  de¬ 
composition,  83 

Potassium  succinate,  detection  of,  1  <7 
Potassium  thiocyanate,  heating  of,  63 
molten,  activation  of  sulfur  by,  63_ 
reaction  with  ammonium  salts,  20o 
with  anthranilic  acid,  210 
with  glycine,  210 
with  sulfanilic  acid,  210 
test  for  a-amino  acids  by  fusion  with,  210 
for  ascorbic  acid,  308 
for  hydrogen,  63 

Potassium  trithiocarbonate,  formation 


of,  303 
Potassium 
Potassium 


xanthate,  detection  of,  173 
xanthate  and  hydrochloric 


SUBJECT  INDEX 


425 


acid,  color  test  for  molydenumVI  oxide, 
56 

Potato  starch,  detection  of,  289 
Powder,  spot  tests  in  the  examination  of, 
353 

Precipitates,  formation  of,  36 
washing  of,  37 

Precipitation,  as  direct  test,  17 
Preliminary  operations,  21 
separations,  47 

preparative  organic  chemical 
methods  in,  47 
tests,  6,  49 

for  the  detection  of  functional  groups, 

119 

Preparative  chemistry,  spot  reactions  in, 
329 

Primuline  yellow,  constitution  of,  336 
Procaine  salt  of  Penicillin  G,  behavior  on 
ignition,  358 

Proline,  reaction  with  ninhydrin,  208 
L-Proline,  detection  of,  190 
Prontosil  album,  see  p-Aminobenzene- 
sulfonamide 

Propionaldehyde,  color  reaction  with 
carbazole,  242 

with  p-hydroxydiphenyl,  251 
with  pyrogallolcarboxylic  acid,  253 
detection  of,  149,  154 
Propionaldehyde  cyanhydrin,  detection 
of,  155 

Propionaldehyde  phenylhydrazone, 
detection  of,  215 

Propionic  acid,  detection  in  test  for  vola¬ 
tile  acids,  96 

interference  in  saponification  test  for 
acetates,  179 

Propyl  alcohol,  detection  of,  130 
zsoPropyl  alcohol,  conversion  into  acetone 
as  test  for,  282 
detection  of,  283 
summary  of  tests,  381 
Propylamine,  detection  of,  188 
Propyl  benzoate,  detection  of,  173 
Propylenediamine,  sodium  rh’odizonate 
test  for,  289 
summary  of  tests,  381 
Prospects  for  development  of  new  tests 
15,  18 

Protective  layer  effect,  as  test  for 
acetylene,  236 

1  loteins,  behavior  in  combustion  test  5 “> 
detection  of,  294 
in  urine,  294 

^-dimethylaminobenzaldehyde  test  for  °94 

fission  test  for,  294 


native,  specific  reaction  for,  293 
reaction  with  ^-dimethylaminobenzal- 
dehyde,  203 
summary  of  tests,  381 
tetrabromophenolphthalein  ethyl  ester 
test  for,  293 

Protein  error  of  indicators,  293 
Protocatechuic  acid,  color  reaction  with 
phloroglucinol,  277,  281 
with  ^-phthalaldehyde,  280 
Protocatechualdehyde,  color  reaction  with 
metaldehyde,  276 
with  phloroglucinol,  277 
detection  of,  135,  151,  152,  155,  157 
Protocetraric  aldehyde,  detection  of,  159 
Prussic  acid,  see  Hydrocyanic  acid 
Purity  of  reagents,  importance  of,  21 
tests,  spot  reactions  in,  329 
Pyridine,  basic  behavior  of,  92 
conversion  to  glutaconic  aldehyde  as 
test  for,  295,  348 
detection  of,  98,  225,  296 
in  denatured  alcohol,  348 
interference  in  pentacyanoammine 
ferroatetestfornitrosocompounds,122 
reaction  with  thionyl  chloride,  295 
solubility  of  amorphous  sulfur  in,  337 
as  solvent  for  sulfur,  337 
summary  of  tests,  381 
Pyridines,  substituted,  interference  in 
copper  halide  test  for  halogens,  65 
o-Pyridine  carboxylic,  acid,  see  Picolinic 
acid 

^■Pyridine  carboxylic  acid,  see  Isonico- 
tinic  acid 

a-Pyridylbenzoyl-phenylhydrazone,  de¬ 
tection  of,  215 

4-Pyridylpyridinium  dichloride,  for¬ 
mation  and  cleavage,  295 
reaction  with  primary  aromatic  amines 
200 

Pyrocatechol,  color  reactions  by,  277,  278 
with  phloroglucinol,  279,  281 
with  o-phthalaldehyde,  278 
with  p-phthalaldehyde,  280 
detection  of,  133,  134,  276,  277 
metaldehyde  test  for,  276 
phloroglucinol  test  for,  277 
summary  of  tests,  381 
test  for  resorcinol,  277 
Py0™Catecholdisulfonic  acid,  detection  of, 

*J  i 

Pyrogallate,  bismuth,  detection  of 
bismuth  in,  363 

Pyrogallol,  color  reaction  in  formalin  test, 
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with  phloroglucinol,  277,  279 
with  o-phthalaldehyde,  278 
with  pyrocatechol,  277 
detection  of,  133,  134,  281 
oxidative  decomposition  of,  83 
phloroglucinol  test  for,  281 
reaction  with  ascorbic  acid,  308 
with  potassium  thiocyanate,  63 
summary  of  tests,  381 
Pyrogallolcarboxylic  acid,  color  reactions 
by,  253,  254 

with  />-phthalaldehyde,  280 
test  for  glyoxalic  acid,  253 
Pyrrole,  detection  of,  198,  223 
Pyrrole  bases,  p-dimethylaminobenz- 
aldehyde  test  for,  198 
formation  from  proteins,  294 
reaction  with  />-dimethylaminobenzal- 
dehyde,  294 

with  fluorescein  chloride,  197 
summary  of  tests,  377 
Pyrrole  and  derivatives,  detection  of,  as 
test  for  animal  fibers,  345 
Pyrrolenine,  reaction  with  //-dimethyl- 
aminobenzaldehyde,  198 
Pyrrolidine,  detection  of,  190 
Pyruvic  acid,  color  reaction  with  chromo¬ 
tropic  acid,  246 
with  p-hydroxydiphenyl,  251 
detection  of,  160,  253 
o-hydroxydiphenyl  test  for,  252 
reduction  to  lactic  acid,  252 
summary  of  tests,  381 

Q 

Quantity  sensitivity,  3 
Quaternary  ring  bases,  formation  from 
tertiary  ring  bases  or  oxonium 
compounds,  224 

Quenching  of  fluorescence  by  non- 
fluorescent  compounds,  15 
Quercitin  (5,7,3',4'-Tetrahydroxyflava- 
~  nol),  fluorescence  test  for,  309 
reaction  with  beryllate,  310 
with  zirconium  chloride,  310 
Quinaldine,  detection  of,  225 
Quinhydrone,  color  reaction  with  phloro¬ 
glucinol,  279 

with  o-phthalaldehyde,  279 
Quinic  acid,  color  reaction  with  naphtho- 
resorcinol,  252 
with  o-phthalaldehyde,  278 
with  ^-phthalaldehyde,  280 
Quinine  hydrochloride,  detection  of 
hydrogen  in,  62 


Quinoline,  detection  of,  225 
Skraup  synthesis  of,  10 
Quinone,  color  reaction  with  phloroglu¬ 
cinol,  279 

with  o-phthalaldehyde,  279 
Quinones,  test  for,  by  release  of  iodine,  99 
Quinone-imides,  test  for,  by  release  of 
iodine,  99 

test  for  secondary  aromatic  amines  by 
oxidation  to,  203 

R 


Raffinose,  color  reaction  with  chromo¬ 
tropic  acid,  246 

Rancidity  of  fats  and  oils,  tests  for,  351 
Reactions,  for  tests  and  identifications, 
survey  of  types,  17 
Reaction  solvents,  109 
types  for  tests,  survey,  17 
Reactive  CH2  and  NH2  groups,  summary 
of  tests,  376 

test  with  sodium  1,2-naphthaquinone- 
4-sulfonate,  221 
Reagents,  stocking  of,  24 
Redox  reactions,  orientation  tests  based 


on,  98 

Reductants,  detection  by  phosphomolyb- 
dic  acid,  334 

interference  in  potassium  iodate  test  for 
organic  materials,  334 
starch-iodine  test  for,  100 
Reduction  effects  of  organic  compounds, 


100 

of  Fehling  and  Tollens  reagents,  103 
of  periodic  acid,  100 

of  phosphomolybdic  acid,  102 

test  for  nitro  compounds,  123 
Reductive  decompositions,  57 
Reimer-Tiemann  reaction,  10,  135 
Requirements  for  successful  application  of 
spot  tests,  21 

Resins,  ferric  hydroxamate  test  for,  44ti 
in  mineral  oils,  test  for,  346 
urea,  detection  of,  354 
Resorcinol,  color  reaction  in  formalin  test, 


107 

with  phloroglucinol,  281 
with  o-phthalaldehyde,  278 
with  ft-phthalaklehyde,  280 
letectionof,  103,  109,  133,  134,  137,  2/8 
of  hydrogen  in,  62 
jyrocatechol test  for,  277 
eaction  with  dicarboxylic  acids  and 
derivatives,  175 

with  malonic  acid  semialdehyde,  1-6 
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summary  of  tests,  381 
test  for  1,2-dicarboxylic  acids,  175,  348, 
349 

Resorcinol  and  ethyl  nitrite  test  for 
primary  aromatic  amines,  203 
Resorcinol  diacetic  acid,  color  reaction 
with  o-phthalaldehyde,  278 
o-Resorcylic  acid,  color  reaction  with  o- 
phthalaldehyde,  278 

a-Resorcylic  acid,  color  reaction  with  o- 
phthalaldehyde,  279 
with  pyrocatechol,  278 
/?-Resorcylic  acid,  color  reaction  with 
pyrocatechol,  278 

Rhamnose,  color  reaction  with  chromo¬ 
tropic  acid,  246 

Rhodamine  B,  oxidative  decomposition 
of,  83 

in  test  for  antimony  in  leather  and 
textiles,  343 

for  antimony  in  pharmaceuticals,  363 
Rhodamine  dyes,  behavior  in  test  with 
thallic  bromide,  342 
detection  in  dyed  fabrics,  342 
by  thallium  ions,  341 
detection  and  differentiation,  340 
fluorescence  of,  as  test  for  amides,  197 
for  amines,  192,  193 
for  nitriles,  197 
for  pyrrole  bases,  197 
formation  of,  191 
formulation  of,  191 
identification  by  thallic  compounds 
192 

preparation  and  structure,  340 
reaction  with  antimony,  gold,  and 
thallium  ions,  341 

Rhodamine  reaction  for  the  detection  of 
saccharin,  349 

Rhodanine,  detection  of,  166,  222 
Rhodizonate  test  for  ethylenediamine 
360 

Rhodizonic  acid,  146 
Ricinolic  acid,  detection  of,  172 
Ring  bases,  tertiary,  reaction  with  alky¬ 
lation  agents,  224 
summary  of  tests,  377 
test  with  methyl  iodide  and  sodium 

l,2-naphthaquinone-4-sulfonate 

224,  348 

Rubber,  vulcanized,  detection  of  free 
sulfur  in,  337 

Rubeanic.  acid  (Dithiooxamide),  detection 
of,  167,  168, 

oxidative  decomposition  of,  84 
reaction  with  cupric  ions,  167 


S 

Sabronin,  see  Dibromobehenate,  calcium 
Saccharin  (o-Sulfobenzoic  acid  imide),  de¬ 
tection  of,  178,  197 
of  carbon  in,  60 
in  food  analysis,  349 
by  rhodamine  reactions,  349 
by  saponification,  349 
formation  of  o-sulfobenzoic  acid  from, 
349 

summary  of  tests,  381 
Saccharose  ( see  also  Cane  sugar  and 
Sucrose),  color  reaction  with  chromo¬ 
tropic  acid,  246 
detection  of,  131,  132,  287,  289 
of  carbon  in,  59,  61 
Safrole,  color  reaction  with  phloro- 
glucinol,  226 

Sago  starch,  detection  of,  289 
Salazinic  acid,  detection  of,  159 
Salicin,  behavior  on  heating,  269 

conversion  to  salicylaldehyde  as  test 
for,  270,  364 
detection  of,  269 
of  emulsin  by,  318 

oxidation  by  alkali  chromate,  270,  364 
summary  of  tests,  382 
thermal  decomposition  of,  364 
Salicin  benzoate,  see  Populin 
Salicyl  alcohol  (see  also  Saligenin),  summa¬ 
ry  of  tests,  382 

Salicylaldazine  (Disalicylhydrazine),  con¬ 
version  into,  as  test  for  salicylalde¬ 
hyde,  269 

formation  of,  271,  364 

as  test  for  hydrazides,  216 
for  hydrazine,  8 

precipitation  of,  as  test  for  salicylalde¬ 
hyde,  270 

Salicylaldehyde  (see  also  o-Hydroxybenz- 
aldehyde),  condensation  with 
hydrazine,  216 

conversion  to  alkali  phenolate  as  test 
for,  268 

to  salicylaldazine  as  test  for,  269 
to,  as  test  for  carbolic  acid,  273 
for  salicin,  270,  364 
for  saligenin,  270,  364 
detection  of,  103,  150,  152.  157,  159 
269,  270 

formation  from  carbolic  acid,  273 
from  saligenin  or  salicin,  270,  364 
reaction  with  alkali  hydroxides,  268 
with  2, 7-dihydroxynaphthalene,  249 

with  fuchsin,  156 
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with  hydrazine,  265) 
with  isonicotinic  acid  hydrazide,  356 
summary  of  tests,  382 
test  for  hydrazides,  217 
for  hydrazine,  8 

Salicylaldehyde  and  ammonia,  behavior 
on  paper,  218 

Salicylaldehyde  bisulfite,  detection  of,  165 

Salicylaldoxime,  behavior  on  heating,  261) 
detection  of,  269 
oxidative  decomposition  of,  83 

Salicylaldoxime  methyl  ether,  detection 
of,  163 

Salicylate,  calcium,  detection  of  calcium 
in,  367 

Salicylates,  fluorescence  of,  as  test  for 
salicylic  acid,  266,  351 

Salicylic  acid,  conversion  to,  as  test  for 
sulfosalicylic  acid,  272 
conversion  to  alkali  salicylates  as  test 
for,  266 

color  reaction  in  formalin  test,  107 
with  o-phthalaldehyde,  279 
detection  of,  137,  267 
of  carbon  in,  59,  61 
in  foods,  beverages,  condiments,  etc., 
350 

of  hydrogen  in,  62 
in  test  for  volatile  acids,  96 
distinction  from  sulfosalicylic  acid,  272 
interference  in  saponification  test  for 


acetates,  179 
summary  of  tests,  382 
Salicylic  acid  hydrazide,  detection  of,  217, 


219 

Salicylic  anhydride,  conversion  to  sali¬ 
cylates,  267 
formation  of,  267 

Salicylic  esters,  summary  of  tests,  382 
Saligenin  (o-Hydroxybenzyl  alcohol; 

Salicyl  alcohol),  conversion  to  salicyl- 
aldehyde  as  test  for,  270,  364 
detection  of,  27 1 

oxidation  by  alkali  chromate,  270,  364 
Saliretin,  formation  from  salicin,  365 
thermal  decomposition  of,  365 


Salmin,  detection  of,  294 

Salol,  detection  of,  268 

Salt  formation,  role  in  organic  spot  test 

analysis,  8  , 

Samples,  optical  examination  of,  ->0 


Sampling,  25  .  ,-a 

Saponification  test  for  acetates,  1 78 

Schiff’s  bases,  148,  158,  199,  200,  203,  —  . 

283,  288,  290,  294,  295,  316,  317  356 
Schleicher  and  Schiill  filter  paper,  4/ 


Sebacic  acid,  detection  of  acidic  behavior 
of,  94,  95 
of  carbon  in,  61 
Selectivity,  3 

Selenious  acid,  formation  of  diketones  by, 

144 

as  oxidant  for  oxomethylene  group,  142 
reaction  with  a-naphthylamine  and 
phenylhydrazine,  214 
Selenious  acid  and  a-naphthylamine  test 
for  arylhydrazines,  214 
for  arylhydrazones,  216 
for  osazones,  216 

Semicarbazide,  detection  of ,  103,  197,  213, 
214,  217,  219,  221,  223 
Semimicro  tests,  incorrect  designation  for 
spot  tests,  3 
Sensitivity,  3 

of  spot  reactions,  increase  by  refining 
the  technique,  17 
by  shaking  out  with  organic  liquids, 
37 

Separation  methods,  32 
Separations,  adsorptive,  as  preliminary 
test,  49 

Serine,  detection  of,  209 
Serum,  detection  of  tyrosine  in,  292 
Serum  albumin,  detection  of,  294 
Side  reactions,  5 
Sieving  solid  samples,  27 
Silk,  test  for  tin  in,  344 
Silver,  metallic,  detection  by  phospho- 
molybdic  acid  in  test  for  carbon,  59 
organic  compounds  of,  interference  in 
stannite  test  for  bismuth,  364 
test  for  bismuth  in  presence  of,  364 
precipitation  by  antimony  sulfide  paper, 
44 

Silver  arsenate,  heating  of  sample  with, 


57 

preparation,  60 
reaction  with  acetylene,  237 
reduction  of,  as  test  for  carbon,  59 
Silver  arsenite,  heating  of,  59 
Silver  carbonate  test  for  uric  acid,  1 
Silver  chromate,  reaction  with  acetylene, 


in  Tollens 


236 

ilver  cyanide,  heating  of,  65 
ilver  fulminate,  formation 
reagent,  104 

ilver  ions,  as  catalysts  for  oxidative  de- 
_ w,,  rtA+Qccinm  norsuliate, 


interference  in  ammonia  test  for  urease, 
Silver  nitrate,  detection  of  arsenic  by,  <  9 
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reaction  with  alkyl  bromides  and 
iodides,  67 

with  calcium  arsenate,  79 
test  for  reducing  sugars,  287 
Silver  oxide,  reduction  of,  as  test  for 
aldehydes,  156 
for  reducing  sugars,  286 
Silver  sulfide,  formation  by  activated 
sulfur,  63 

formation  of,  interference  in  reduction 
test  for  aldehydes,  156 
as  test  for  dithiocarbamates,  187 
for  sulfur,  71 

Silver  thiocyanate,  heating  of,  65 
Sintering  reactions,  organic  compounds  in, 
14 


Skatole  (/?-Methylindole),  reaction  with 
^-dimethylaminobenzaldehyde,  199 
Skraup  synthesis  of  quinoline  and  deriva¬ 
tives,  10,  284 

Small  volumes  of  liquid,  concentration 
and  drying,  28 

Sodium,  metallic,  reaction  with  fluorine, 
67 

reaction  with  nonvolatile  organic  nitro¬ 
genous  compounds,  73 
Sodium  acetate,  detection  of,  172 
of  carbon  in,  61 

Sodium  £-acetylaminophenyl-antimonate 

(Stibenyl),  detection  of  antimony  in. 

Sodium  acetylarsenilate,  detection  of 
arsenic  in,  80 

Sodium  ^-aminophenylantimonate  (Stib- 
amine)  detection  of  antimony  in,  362 
Sodium  antimony11!  bis  (pyrocatechol-2,4- 
disulfonate)  (Fuadine), detection  of  anti¬ 
mony  in,  362 

Sodium  azide-iodine  solution,  preparation 
Sodium  benzenesulfonate,  detection  of, 


Sodium  diethyldiibiocarhajn^edetectic 

ot,  1  70 

Sodium  glutaconic  aldehyde  enolate  r< 
actmn  with  primary  aromatic  amine 

Sodium  hydrogen  hydroxyquinoline  d 
sulfonic  acid,  detection  of,  182 
Sodium  hydrogen  ^-naphthalene 
disulfonate,  detection  of,  182 

Sodium  />-hydroxyphenylarsenilate,  dc 

tection  of  arsenic  in,  80 

S0tdeTf  1,2'naPhthacluin°ne-4-sulfonat( 
test  for  reactive  CH2  and  NH2  groups 


Sodium  1 ,2-naphthaquinone-4-sulfonate 
and  methyl  iodide  test  for  tertiary  ring 
bases  and  oxonium  compounds,  224 
Sodium  nickel  biuret  solution,  preparation 
of,  331 

Sodium  nitroprusside,  detection  of  acro¬ 
lein  by,  283,  348 
of  hydrogen  sulfide  by,  61 
reaction  with  acetaldehyde  and  second¬ 
ary  aliphatic  amines,  189 
test  for  methyl  ketones,  160 
Sodium  nitroprusside  and  acetaldehyde 
test  for  secondary  aliphatic  amines,  189 
Sodium  pentacyanoammine  ferroate,  re¬ 
action  with  hydrazines,  212 
test  for  aliphatic  and  aromatic  hydra¬ 
zines,  212 

for  nitroso  compounds,  121 
Sodium  pentacyanoammine  ferroate  and 
hydrogen  sulfide,  test  for  unsaturated 
aldehydes,  156 

Sodium  pentacyanoaquoferriate,  reaction 
with  aniline,  202 

with  primary  aromatic  amines,  202 
test  for  primary  aromatic  amines,  202 
Sodium  pentacyanoaquo  ferroate  test  for 
nitroso  compounds,  121 
Sodium  pentacyanopyridine  ferroate,  for¬ 
mation  of,  122 

Sodium  peroxide,  color  test  for  chro¬ 
mium111  oxide,  56 

Sodium  rhodizonate,  color  test  for  barium 
carbonate,  56 
for  lead  sulfate,  56 
for  strontium  carbonate,  56 
test  for  ethylenediamine  and  propylene- 
diamine,  289,  360 

Sodium  sulfite,  disproportionation  of,  62 
reaction  with  activated  sulfur,  63 
test  for  hydrogen,  61 

Soils  detection  of  organic  material  in,  333 
Solid (s),  choice  of  solvent  for,  34 
extraction  with  organic  solvents,  26 
fusing  with  disintegrating  agents,  26 
grinding  and  mixing,  26 
preparation  of  solutions  of,  26 
reactions  of,  as  direct  tests  17 
sampling  of,  26 
sieving  of,  27 


to  K-rl  quid  phases’  separation,  34 
Solubility,  analytical  importance  of  109 

behavior  of  organic  compounds,  survey 


characteristics  as 
determination,  33 


preliminary  test,  49 


430 


SUBJECT  INDEX 


rules,  departures  from,  1 1 1 
tests,  109ff 

Solutions,  concentrating,  28 
Solution  processes,  role  of  groups  in,  110 
Solvates,  definition,  110 
Solvate  formation,  as  test  for  oxygen,  80 
Solvents,  distinction  between  inert  and 
active,  109 

Sorbose,  detection  of,  289 
Soromin,  behavior  in  hydroxamic  acid 
test  for  esters,  346 
Soybean  meal,  test  for,  351 
Special  techniques,  43 
Specificity,  3 

Spermidine,  detection  of,  190 

Spermine,  detection  of,  190 

Spirits,  detection  of  saccharin  in,  349 

Spot  colorimetry,  43,  330 

Spot  nephelometry,  44 

Spot  plate  as  reaction  medium,  2 

Spotting,  20 

Spraying  of  reagents  on  filter  paper,  45 
Standard  products,  22 
Standardization  of  microchemical  appara¬ 
tus,  23 

Stannite  test  for  the  detection  of  bismuth 
in  medicinals,  364 

Stannous  chloride,  reaction  with  calcium 
arsenate,  79 

test  for  aldohexoses,  287 
for  ketohexoses,  287 
Starch(es),  decomposition  by  heating, 
355 

detection  of,  131,  132,  287,  289 
of  diastase  by,  318 

Starch-iodine  reaction  in  potassium  iodate 
test  for  carbon,  60 

Starch-iodine  test  for  the  detection  of 
acetic  acid,  179 
of  arsenic,  79 
of  reductants,  100 

Steamer  (treating  paper  with  gases),  39 
(Fig.  21) 

Stearic  acid,  detection  of,  172 

of  acidic  behavior  of,  94,  95 
of  hydrogen  in,  62 
of  oxygen  in,  82 
in  vaseline,  339 
solubility  of  basic  dyes  in,  339 
Stibamine,  Sodium  ^-aminophenyl- 

antimonate 

Stibenyl,  see  Sodium  />-acetylamino- 
phenylantimonate 

Stilbene,  color  reaction  in  formalin  test, 

!08  , 

Stirrer  for  centrifuge  tube,  36  (l'ig-  1  •  / 


Streptomycin,  differentiation  from  di¬ 
hydrostreptomycin,  360 
structure  of,  359 
summary  of  tests,  382 
test  for,  by  demasking  of  nickel,  359 

Strontium  carbonate,  color  test  with 
sodium  rhodizonate,  56 

Strontium  salts,  behavior  in  rhodizonate 
test,  366 

Structural-analytical  method  of  organic 
analysis,  233 

Subgallate,  bismuth,  detection  of  bismuth 
in,  363 

Sublactate,  bismuth,  detection  of  bismuth 
in,  363 

Sublimation  as  preliminary  test,  49 
tests,  51 

Subsalicylate,  bismuth,  detection  of 
bismuth  in,  363 

Succinic  acid,  detection  of,  97,  172,  177 
of  hydrogen  in,  64 
of  tartaric  acid  in  presence  of,  261 
reaction  with  potassium  thiocyanate,  63 

Succinic  anhydride,  detection  of,  174,  177 

Succinimide,  detection  of,  178 

Succino-(2-allylmercaptobenzothiazolyl)- 
6-aminic  acid,  detection  of,  227 

Sucrose  (see  also  Cane  sugar  and  Saccha¬ 
rose),  color  reaction  with  chromotropic 
acid,  241 

Suction,  removing  liquid  by,  36  (Figs.  18 
and  20) 

Sugars,  behavior  in  combustion  test,  52 
color  reaction  of  tyrosine  in  presence  of, 
292 

decomposition  by  heating,  355 
detection  of  formaldehyde  in  presence 
of,  241 

of  hydrogen  in,  64 

fermentation  of,  as  test  for  zymase,  320 
reducing,  detection  of,  286,  287 
macrotests  for,  287 
reduction  of  silver  oxide  as  test  for, 
286 

triphenyltetrazolium  chloride  test 

for,  285  . 

Sulfadiazine,  see  2-Sulfanilaminopyrimidi- 


ne  .  ,  . 

Sulfanilamide,  detection  of  basic  behavior 

of,  93  w  ..  .  . 

2-Sulfanilaminopyrimidine  (Sulfadiazine), 
detection  of,  21 1 

Sulfanilic  acid  (p-Aminobenzenesulfonic 

acid),  detection  of,  97,  182,  184, 
21 1 

of  hydrogen  in,  62 
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of  nitrogen  in,  73 
of  nitrogen  and  sulfur  in, 
of  sulfur  in,  71 
diazotation  of,  161 

reaction  with  potassium  thiocyanate, 
210 

Sulfates,  interference  in  lanthanum  nitrate 
test  for  acetic  acid,  247 
Sulfathiazole,  detection  of  basic  behavior 
of,  93 

Sulfides,  in  black  powder  residue,  de¬ 
tection  of,  353 

interference  in  potassium  iodate  test  for 
carbon,  61 

Sulfide  ions,  interference  in  cuprous  salts 
test  for  acetylene,  235 
Sulfide  sulfur,  detection  of,  in  animal 
charcoal  and  dyes,  335 
by  iodine-azide  reaction,  335 
Sulfinic  acids,  alkali  fusion  test  for,  180 
behavior  with  periodic  acid,  101 
differentiation  from  sulfonic  acids,  181 
formation  of,  183 
fusion  with  alkali,  180 
methylenedisalicylic  acid  test  for,  184 
precipitation  by  ferric  chloride,  181 
reaction  with  ferric  chloride,  183 
summary  of  tests,  377 
test  for,  by  conversion  to  ferric  acethy- 
droxamate,  183 

Sulfites,  interference  in  potassium  iodate 
test  for  carbon,  61 
reaction  with  bromine,  303 
with  formaldehyde,  304 
test  for,  by  formation  of  nickel1  v  oxv- 
hydrate,  181 

o-Sulfobenzoic  acid,  formation  from  sac¬ 
charin,  349 

sm^0bfnZ°iC  add  imide>  5ee  Saccharin 
Sulfohydroxamic  acid,  reaction  with  acet¬ 
aldehyde,  183 

5-Sulfoiodooxine,  detection  of  mineral 
constituents  in  paper  by,  332 
Sulfonal,  detection  of,  182 
of  hydrogen  in,  62 

Sulfonamide3,  alkali  fusion  test  for  180 
differentiation  from  sulfones,  181 
from  sulfonic  acids,  181 

fusion  with  alkali,  180 
methylenedisalicylic  acid  test  for  184 
summary  of  tests,  377 
test  for,  by  conversion  to  ferric  acet- 
hydroxamate,  183 
Sulfones,  alkali  fusion  test  for,  180 
differentiation  from  sulfonamides,  181 
from  sulfonic  acids,  181 


fusion  with  alkali,  180 
methylenedisalicylic  acid  test  for,  184 
summary  of  tests,  377 
test  for,  by  conversion  to  ferric  acet- 
hydroxamate,  183 

Sulfone  chloride,  preparation  of,  183 
reaction  with  hydroxylamine,  183 
Sulfonic  acids,  alkali  fusion  test  for,  180 
detection  of,  331 

of  formic  acid  or  formates  in  presence 
of,  246 

differentiation  from  sulfinic  acids,  181 
from  sulfonamides  and  sulfones,  181 
fusion  with  alkali,  180 
methylenedisalicylic  acid  test  for,  184 
summary  of  tests,  377 
test  for,  by  conversion  to  ferric  acet- 
hydroxamate,  183 

Sulfonic  acids,  aromatic,  interference  in 
methylenedisalicylic  acid  test  for  sul- 
fosalicylic  acid,  272 

Sulforhodamine  B,  behavior  in  test  with 
thallic  bromide,  342 
detection  by  thallium  ions,  341 

Sulfosalicylic  acid,  color  reaction  in  for¬ 
malin  test,  108 

conversion  to  salicylic  acid  as  test  for 
272 

detection  of,  97,  272,  273 
of  acidic  behavior  of,  95 
of  carbon  in,  61 
of  sulfur  in,  71 

distinction  from  salicylic  acid,  272 
heating  above  melting  point,  185,  272 
methylenedisalicylic  acid  test  for,  271 
oxidative  decomposition  of,  83 
reaction  with  bromine,  140,  303 
with  methylenedisalicylic  acid,  13, 


Sulfotepp,  see  Tetraethyl  dithiopyro- 
phosphate 

Sulfur,  activated,  detection  of  hydrogen 
by,  64  G 

reaction  with  nonvolatile  organic 
compounds,  63 

aCSnmi?vby  heating  of  molten  Potas¬ 
sium  thiocyanate,  63 

amorphous,  solution  in  pyridine  337 

crystalline,  solution  in  carbon  disulfide, 

detection  of  traces  in  organic  liquids, 

free,  detection  in  explosives,  354 
S°lld,  organic  products,  336 
}  thallous  sulfide  paper,  336 
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in  explosives,  thallous  sulfide  test  for, 
354 

formation  of  silver  sulfide  as  test  for,  7 1 
fusion  with  alkali  metals  as  test  for,  70 
reduction  test  for,  71 
simultaneous  test  for  nitrogen  and,  76 
solubility  of  crystalline  and  amorphous 
modifications,  337 
summary  of  tests,  373 
Sulfur-bearing  amino  acids,  identification 
by  iodine-azide  reaction,  330 
Sulfur  compounds,  interference  in  alkali 
metal  fusion  test  for  nitrogen,  75 
in  ferric  thiocyanate  test  for  oxygen, 
81 

reaction  with  cupromercaptan,  75 
Sulfur  dioxide,  interference  in  palla¬ 
dium  chloride  test  for  carbon  monoxide, 
240 

Sulfur  dyes,  catalysis  of  iodine-azide  re¬ 
action  by,  335 
preparation  of,  335 

Sulfuric  acid,  action  in  Le  Rosen  formalin 
reaction,  105 

concentrated,  interference  in  saponi¬ 
fication  test  for  acetates,  179 
as  solvent,  1 1 1 
heating  of  sample  with,  57 
reaction  with  aromatic  azoxy 
compounds,  127 

Sulfurous  acid,  addition  compounds  with 
alkali  iodides,  363 
Syntheses,  as  indirect  tests,  17 

T 


Tannic  acid,  color  reaction  with  />-phthal- 
aldehyde,  280 

Tannin,  detection  of  hydrogen  in,  62 
oxidative  decomposition  of,  83 
reaction  with  potassium  thiocyanate, 


63  j 

Tannin  and  tartar  emetic,  as  mordant  for 

basic  dyes,  343 

Tanning  of  leather  by  antimony 
compounds,  343 

Tarry  products,  interference  in  volatiliza¬ 
tion  test  for  mercury,  86 
Tartar  emetic,  see  Potassium  antimony 

tartrate  „  - 

Tartaric  acid,  color  reaction  with 

dihydroxynaphthalene,  249 

with  naphthoresorcinol,  252 
detection  of,  97,  102,131.177,  260,  261 
of  hydrogen  in,  62 

in  presence  of  cinnamic,  citric,  mafic, 
oxalic,  or  succinic  acid,  261 


in  vinegar,  350 

distinction  from  citric  acid,  131 
/3,/S'-dinaphthol  test  for,  261 
gallic  acid  test  for,  260 
oxidation  to  glyoxalic  acid,  131 
reaction  with  sulfuric  acid,  260 
summary  of  tests,  382 
Tartrazine,  detection  of,  182 
Tartronic  acid,  color  reaction  with 
dinaphthol,  261 
with  naphthoresorcinol,  252 
interference  in  gallic  acid  test  for  tar¬ 
taric  acid,  260 
Techniques,  special,  43 
of  spot  test,  20 
Temperature,  influence  of,  14 
Terephthalaldehyde,  see  p-Phthalalde- 
hyde 

Terpinol  hydrate,  color  reaction  with  o- 
phthalaldehyde,  278 

Test  tube,  micro,  as  reaction  medium,  2 
Textiles,  antimony  in,  test  for,  343 
detection  of  cotton  in,  354 
of  nitric  esters  in,  354 
Tetra-alkyl  rhodamines,  formation  of, 
193 

Tetrabase  (Tetramethyl-p-diaminodi- 
phenylmethane),  in  chloranil  test 
for  ascorbic  acid,  307 
detection  of,  103 

of  basic  behavior  of,  91,  92 
formation  of,  as  test  for  pentachloro- 


phenol,  323 
oxidation  of,  322 

as  test  for  chloranil,  321 

Tetrabromophenolphthalein  ethyl  ester 

test  for  proteins,  293 

Tetrachlorohydroquinol,  reduction  of 

chloranil  to,  322 

Tetrachloro-/>-quinone,  see  Chloranil 
Tetraethyl  dithiopyrophosphate  (8ulfo- 
tepp),  detection  of  phosphorus  in,  / 

Tetrahydro-/9-nitroso-a-naphthol,  de¬ 
tection  of,  121 

Tetrahydroxydinaphthylmethane,  for¬ 
mation  and  oxidation  of,  249 

5,7,2',4'-Tetrahydroxyflavanol,  see  Morin 
5  7,3',4'-Tetrahydroxyflavanol.  see  Quer" 

Tetralin,  color  reaction  in  formalin  test, 


8 

tralone,  detection  of,  143 

amethyl-p-diaminodiphenylmethane, 

»  Tetrabase 

t',5'-Tetranitroazoxybenzene,  be- 

LV'ior  with  sulfuric  acid,  1-8 
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Tetranitropentaerythrol  in  explosives,  de¬ 
tection  of,  354 

Thallic  bromide,  behavior  of  rhodamine 
dyes  with,  342 

Thallic  compounds,  identification  of  rho¬ 
damine  dyes  by,  192 
Thallic  salts,  complex,  formation  of,  8 

in  specific  identification  of  rhodamine 
dyes,  8 

Thallium,  morin  test  for,  311 
Thallium  ions,  detection  of  rhodamine 
dyes  by,  341 

Thallium  oxide  paper,  308 
Thallous  carbonate,  ignition  test  for,  54 
Thallous  sulfide  paper,  preparation  of,  337 
detection  of  free  sulfur  by,  336 
Thallous  sulfide  test  for  free  sulfur  in 
explosives,  354 
Thamnol,  detection  of,  159 
Thapsic  anhydride,  detection  of,  174 
Theobromine,  basic  behavior  of,  92 
detection  of  carbon  in,  61 
of  hydrogen  in,  62 

Theophylline  ( 1 , 3-Dimethylxan thine) , 
preparations  from,  360 
reaction  products  with  ethylenedi- 
amine,  360 

Theophylline-calcium  salicylate,  differen¬ 
tiation  from  aminophylline  or  euphylli- 
ne,  361 

Thioacetic  acid,  detection  of,  166,  172 
Thioalcohols,  fusion  with  alkali,  181 
Thioaldehydes,  aromatic,  interference  in 
pentacyanoammine  ferroate  test  for 
nitroso  compounds,  122 
thiocyanates  in  black  powder  residue,  de¬ 
tection  of,  353 

Thiocyanoacetic  ester,  detection  of,  222 
Thioethers,  fusion  with  alkali,  181 
Thioglycolic  acid,  detection  of,  167 
Thioglycolic  acid  anilide,  detection  of,  168 
Thioketones,  differentiation  from  thiols 
165 

fusion  with  alkali,  181 
interference  in  pentacyanoammine  fer¬ 
roate  test  for  nitroso  compounds  122 
summary  of  tests,  377 
test  for,  by  catalysis  of  the  iodine-azide 
reaction,  164 

Thiols  (Mercaptans),  behavior  with  per¬ 
iodic  acid,  101 

differentiation  from  thioketones,  165 
formation  in  odor  test  for  halogens  66 
summary  of  tests,  378 

test  for,  by  catalysis  of  the  iodine-azide 
reaction,  164 


by  precipitation  of  cuprous  salts,  167 
Thionalide,  color  reaction  in  formalin  test, 
108 

detection  of  carbon  in,  61 
oxidative  decomposition  of,  84 
4-Thio-a-naphthoflavone,  detection  of, 

167 

Thionyl  chloride,  reaction  with  pyridine, 
295 

Thiophen,  color  reaction  in  formalin  test, 
108 

condensation  with  benzil,  145,  315 
with  1,2-diketones,  145 
with  isatin,  145,  314 
with  ninhydrin,  145,  316 
detection  of,  106,  314-316 
indophenin  reaction  for,  313 
with  nitrous  acid,  133 
removal  by  ninhydrin,  338 
summary  of  tests,  382 
test  for,  by  condensation  with  benzil, 
314 

with  isatin,  313 
with  ninhydrin,  315 

Thiophen  and  derivatives,  detection  in 
benzene  and  toluene,  338 
Thiophen-free  benzene  or  toluene,  pre¬ 
paration  of,  338 

Thiophenols,  fusion  with  alkali,  181 
Thiophthen,  condensation  with  isatin,  314 
Thiosulfates  in  black  powder  residue,  de¬ 
tection  of,  353 

Thiouracil,  color  reaction  with  sodium  pen¬ 
tacyanoammine  ferroate,  122 
Thiourea,  color  reaction  with  sodium  pen¬ 
tacyanoammine  ferroate,  122 
decomposition  on  heating,  205 
detection  of,  167,  300 

of  nitrogen  and  sulfur  in,  77 
of  sulfur  in,  71 

interference  in  copper  halide  test  for 
halogens,  65 

reaction  with  phenylhydrazine,  300 
rearrangement  of  ammonium  thiocya¬ 
nate  to,  205 

Thorium  cupferronate,  oxidative  de¬ 
composition  of,  84 

Thorium  oxalate,  reaction  with  diphenyl- 
amine,  259 

Thymol,  color  reaction  with  o-phthalalde- 
hyde,  278 
detection  of,  134 

Thyroglobin,  reaction  with  ^-dimethyl- 
aminobenzaldehyde,  294 
Thyroxine,  color  reaction  of  tyrosine  in 
presence  of,  292 
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Tiemann-Reimer  reaction,  It),  135 
Tin,  morin  test  for,  344 

in  organic  compounds,  summary  of 
tests,  373 

in  silk,  test  for.  344 

Tin  mordants  in  fabrics,  detection  of,  343 
Titanium  IV  oxide,  color  test  with  chromo¬ 
tropic  acid,  56 

Titanium  salts,  test  for  hydrogen  per¬ 
oxide,  321 

Tollens  reagent,  decomposition  on 
standing,  104 
preparation  of,  104 
reduction  of,  103 

Toluene,  color  reaction  in  formalin  test, 
108 

detection  of,  106 

testing  for  thiophen  and  derivatives, 
338 

Toluenesulfonic  acid,  detection  of,  186 
Tolylaldehyde,  detection  of,  151 
m-Tolylurea,  detection  of,  300 
Tosyl-w-hydroxybenzotritiuoride,  de¬ 
tection  of  fluorine  in,  69 
Tragacanth,  detection  of,  289 

5.6.7- Tribromo-8-hydroxyquinoline, 
detection  of,  139 

Tribromooxine,  detection  of  mineral  con¬ 
stituents  in  paper  by,  332 
Tribromophenate,  bismuth,  detection  of 
bismuth  in,  363 

Tribromophenylhydrazine,  detection  of, 
215 

Tricarballylic  acid,  detection  of,  172,  177 
Trichloroacetaldehyde,  see  Chloral 

5.6.7- Trichloro-8-hydroxyquinoline,  de¬ 
tection  of,  139 

Triethanolamine,  detection  of  mono-  and 
triethylamine  in,  191 
Triethylamine,  formation  of  dithiocarba- 
mates  of,  187 

Triethylbenzene,  color  reaction  in  for¬ 
malin  test,  108 

N-Trifluoro-acetyl-p-toluidine,  detection 

of  fluorine  in,  69 
Trifluoromethylbenzoic  acid,  69 
Triglycolamate,  bismuth,  detection  of 
bismuth  in,  363 

2,3,4-Trihydroxybenzaldehyde,  color  re¬ 
action  with  metaldehyde,  276 
with  phloroglucinol,  277 
with  pyrocatechol,  278 

2,4,6-Trihydroxybenzaldehyde,  color  re¬ 
action  with  2-hydroxy-5-methoxy- 
benzaldehyde,  281 
with  pyrocatechol,  278 


1.3.5- Trihydroxybenzene,  see  1  j 

glucinol 

2.3.4- Trihydroxybenzoic  aci>  *oW  e- 
action  with  phlorogl'itinol 

2.4.6- Trihydroxybenzoic  aci  ,  c.)!i>/  in¬ 

action  with  2-hydroxy-5-methoxy- 
benzaldehyde,  281 
with  ^-phthalaldehyde,  280 
with  pyrocatechol,  278 
Triketohydrindene,  detection  of,  146 
Triketohydrindene  hydrate,  see  Ninhydrin 
Trimellitic  acid  trimethyl  ester,  detection 
of,  177 

Trimethylene-a-mannite,  detection  of,  241 
Trional,  detection  of,  182 

1 .3.5- Triphenylbenzene,  color  reaction  in 
formalin  test,  108 

Triphenylformazan,  formation  of,  285 
Triphenylmethane,  color  reaction  in  form¬ 
alin  test,  108 

Triphenylmethane  dyes  test  for  aldehydes, 
146  '  . 

Triphenyltetrazolium  chloride,  reaction 
with  ascorbic  acid,  286 
reduction  of,  285 
test  for  ascorbic  acid,  309 
for  reducing  sugars,  285 
Trithiocarbonate,  formation  of,  303 
Trotyl  in  explosives,  detection  of,  354 
Tryptophan  (/Mndolylalanine),  detecti- 
of,  209 

hydrolysis  of,  294 

reaction  with  />-dimethylaminobenz .d 
dehyde,  199 

Types  of  reactions  for  tests  and  identi¬ 
fication,  survey,  17 

Tyramine  (4-Hydroxyphenylethylamine), 
color  reaction  with  nitrosonaphthol, 

292 

detection  of,  211 

Tyrosinase,  detection  by  tyrosine,  318 
Tvrosine  [jj-(£-Hydroxyphenyl) alanine], 
detection  of,  109,  207,  209,  211, 
292 

of  tyrosinase  by,  318 
in  urine  or  serum,  292 
u-nitroso-/?-naphthol  test  for,  29- 
summary  of  tests,  382 
Tyrosol,  color  reaction  with  nitroso¬ 
naphthol,  292 

U 

Ultimate-analytical  method  of  organic 
analysis,  233 

Umbelliferones,  fluorescence  of, 
formation  of,  176 
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color  reaction  of  tyrosine  in  presence 
f.  292 

,,  ..d.  nsation  with  hydrazines,  11 
conversion  to  diphehylcarbazide  as  test 
,  99,  354 

deamination  test  for,  298 
detection  of,  299,  301 
of  carbon  in,  59,  60 
of  hydrogen  in,  64 
of  urease  by,  318 

enzymic  hydrolysis  to  ammonia  as  test 
for,  300 

equilibrium  with  ammonium  cyanate, 
300 

heating  above  melting  point,  263,  298, 
340 

hydrolysis  of,  300 
reaction  with  nitrous  acid,  324 
with  phenylhydrazine,  299 
with  potassium  thiocyanate,  64 
solubility  of  acid  dyes  in,  339 
spitting  of,  as  test  for  urease,  319 
summary  of  tests,  382 
test  for  aldohexoses,  287 
for  citric  acid,  14,  263,  348 
for  ketohexoses,  287 
resins,  detection  of,  354 
■  'l  ease,  demasking  of  nickel  in  complex 
biuret  anions,  by,  319,  351 
detection  by  urea,  318 
I  ’  drolysis  of  urea  by,  301 
liberation  of  ammonia  as  test  for,  318 
’.pi  ting  of  biuret  as  test  for,  319 
area  as  test  for,  319 
summary  of  tests,  382 
test  for  urine  in  fabrics,  346 
Ureates,  reaction  with  ammonium  phos- 
phomolybdate,  306 
Urethan,  see  Ethyl  urethan 
Uric  acid,  reaction  with  ammonium  phos- 
phomolybdate,  306 
silver  carbonate  test  for,  1 
Urine,  detection  of  ascorbic  acid  in,  306 
of  blood  in,  321 

of  contamination  of  fabrics  by,  346 
of  protein  in,  294 
of  tyrosine  in,  292 

Urotropine,  see  Hexamethylenetetramine 
V 

iso Valerianaldehyde,  color  reaction  with 
pyrogallolcarboxylic  acid,  253 
Valine,  detection  of,  209 
Vamlhn,  color  reaction  with  metaldehyde. 


detection  of,  135,  141,  151,  152,  155, 
157 

■  reaction  with  fuchsin,  156 
Vapors  in  spot  test  analysis,  38 
Vaseline,  detection  of  higher  fatty  acids 
in,  339 

Vegetable  fibres,  differentiation  from 
animal  fibres,  345 

Veratrol,  color  reaction  with  metaldehyde, 
276 

Veratrolaldehyde,  color  reaction  with 
metaldehyde,  276 
Versatile  spot  test  laboratory,  23 
Versene,  see  Ethylenediaminetetraacetic 
acid 

Vinegar,  detection  of  mineral  acids  and 
hydroxy  acids  in,  350 
fruit,  testing  for  citric  and  malic  acid, 
348 

synthetic,  distinction  from  fruit  vine¬ 
gar,  350 

wood,  detection  of  formic  acid  in,  348 
Vinyl  acetate,  detection  of,  173 
Vitamin  C,  see  Ascorbic  acid 
Volatile  acids,  detection  with  iodide- 
iodate  mixture,  95 
Volatile  bases,  detection  of,  97 
Volatile  compounds,  detection,  39 

apparatus  for,  40,  41  (Figs.  23-28) 
Volatilization  test  for  mercury,  85 

W 

Wallach  transformation,  129 
Water  of  crystallization,  detection  by 
potassium  thiocyanate  test,  64 
Waters,  evaporation  residues  of,  detection 
of  organic  material  in,  333 
Wax,  paraffin,  detection  of  higher  fatty 
acids  in,  339 

Waxes,  ferric  hydroxamate  test  for,  346 
in  mineral  oils,  test  for,  346 
Whatman  filter  paper,  47 
Wine,  detection  of  glycerol  in,  348 
of  saccharin  in,  349 
Whntergreen  oil,  268 

Wood  vinegar,  detection  of  formic  acid 
in,  348 

Wool,  distinction  from  cotton,  345 
W  orking  methods  in  spot  test  analysis,  24 

X 

Xanthates,  reaction  with  molybdates  129 
Xanthates,  alkali-alkyl,  formation  of,  test 
or  primary  and  secondary  alcohols,  129 
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Xylene,  color  reactions  in  formalin  test, 
108 

Xylenol,  detection  of,  133 
Xylenol- 1,2,4,  color  reaction  with  nitroso- 
naphthol,  292 

Z 

Zinc,  interference  in  triphenyltetrazolium 
chloride  test  for  reducing  sugars,  280 
Zinc-hydroxyquinoline  equilibrium  so¬ 
lution  tests  for  basic  compounds,  90,  97 
Zinc  oxinate,  preparation  of,  260 

preventation  of  formation,  as  test  for 
ethylenediaminetetraacetic  acid,  266 
Zinc  sulfide  paper,  44 


Zirconium  alizarinate  test  for  fluorine,  67 

Zirconium-alizarin  solution,  preparation 
of,  68 

Zirconium  chloride  in  fluorescence  test  for 
morin,  310,  350 
for  quercitin,  310 

Zirconium  hexafluoride,  formation  of 
complex  ions,  67 

Zirconium  mandelate,  detection  of  carboi 
in,  61 

Zirconium  oxide,  color  test  with  bisulfatc 
and  morin,  56 

Zirconium  salts,  reaction  with  alizarin,  6" 

Zymase,  summary  of  tests,  382 

test  for,  by  fermentation  of  sugar,  32< 
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